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ABSTRACT
The purpose of "this interdisciplinary thesis is to relate the 
scientifically known environmental effects of the coal- and 
oil- fired electricity generation fuel cycles in the UK to the 
economic, legal and political considerations which hear upon 
energy/environment analyses. Where possible the. environmental 
effects of the two fuel cycles are compared. Throughout 
differences with other countries, particularly the US, in both 
the perceived environmental effects and prescriptions for 
dealing with them.are highlighted.
It is shown that although where the environmental effects can be 
evaluated the coal fuel cycle tends to have a more adverse impact 
than the oil cycle, these effects are so small in economic terms 
that no clear fuel policy implications emerge. Indeed fuel 
policy in the past has been little influenced by environmental 
considerations. Moreover the law relating to pollution in the 
UK, based on the principle of "best practicable means", generally 
operates more efficiently than the less flexible systems of other 
countries and successfully implements the prescriptions of economic 
theory to internalise externalities and make the polluter pay.
However, the vast majority of the effects of the oil and coal fuel 
cycles cannot be quantified in economic terms, either because they 
are not understood scientifically, or.because they are of an 
essentially subjective nature. This renders much of the (sometimes 
elaborate) economic theory of how best to internalise externalities 
largely redundant since the optimal position towards which it 
aspires can seldom be identified. For the same reason, the usefulness 
of energy/environment models which purport to display the environmental 
consequences of different energy balances is also restricted.
Moreover, an understanding of the complicated and seldom linear 
relationships that usually exist between the effect of a pollutant 
and level of energy output exposes the difficulties and dangers of 
formulating the normalised environmental impact indices which are 
the ultimate objective of many energy/environment models.
ACKNOWLEDGMENTS
Thanks firstly to my two supervisors. Dr L. F . Haber and 
Dr M, Burstall,for all their help and encouragement which 
made for a most stimulating three years while I was at 
the University of Surrey, and provided me with the necessary 
inducement to complete the work after I had left. My time 
at the University was further enriched by many others who 
have passed through, or are still at, the Economics 
Department which supplied me with so conducive and enjoyable 
an atmosphere in which to conduct my research.
For the typing I am indebted to Mrs Angela Pike, Margaret 
Fogden and Penny Blackburn.
Finally, I would like to thank the Swann Committee for 
financial support.
Contents
Chapter I Introduction
Chapter II The Rise of Environmentalism
1 Introduction
2 Reasons for the Rise of Environmental Concern
2.1 The Origins of Environmental Pressure Groups
2.2 The Technological Impetus and the Rising Standard of Living
3 Explanations of, and proposed cures for, the "Environmental Crisis"
Chapter III The Prescriptions of Economic Theory for the Evaluation and Control of Pollution,
Introduction
2
2.1
2.2
Externalities 
Definition
Externalities and Welfare Economics
2.3 Ways of Internalising Externalities
2.k Taxes versus Standards in Practice 
Taxes and Energy Industry Pollution 
Externalities in a "Second Best" World
2.5
2.6 
2.7
Page No 
1
6
6
7
7
12
15
20
20
21
21
23
29
33
3k
35
36Compatability of Optimising in the Environmental Sector with Energy Industry Pricing Policies
General Equilibrium Approaches, Input-Output^  and Macroeconomic Effects of Pollution Control
k.l 
h.2 
k.2.1
4.2.2
4.2.3
Cost-Benefit Analysis 
Introduction
Basic Theory of Cost-Benefit Analysis
38
44
44 
44
The Measurement of Costs and Benefits: Consumer’s Surplus and Willingness to pay
The Scitovsky Paradox and Distributional Aspects 7^
Shadow Prices
- 1 -
Page No
4.3 Environmental Cost-Benefit Analysis
4.3.1 Monétarisation r Pecuniary and l+g Non-Pecuniary Costs
4.3.2 Evaluating Non-Pecuniary Effects 50 Using Willingness to Pay Criteria
4.3.3 Problems with Willingness to Pay 51 for Environmental Benefits
4.3.3.1 Lack of Knowledge 51
4.3.3.2 Subjectivity 53
4.3.4 The Rate of Discount and Environmental 54 Effects
4.3.5 Alternatives to Willingness to Pay 55and Cost-Benefit Analysis
4.3 .6 The Distribution of Risks 57
4.3.7 "Fragile"Values and the Décision 58Making Process
5 Conclusion. Are Economics and Ecology 60Compatible?
Chapter IV Environmental Policy in the UK with Special 65Reference to the Coal, Oil and Electricity Industries
1 Introduction 65
1.1 Valuation of the Environment and the 65Allocation of Property Rights
1.2 The Law and the Political Process 67
2 Aspects of the Common Law Relating to 69Pollution
2.1 Introduction 69
2.1.1 Private Nuisance - Law of Torts 69
2.1.2 The Rule in Rylands v. Fletcher 70
2.1.3 Public Nuisance - Criminal Actions 71
2.2 Air Pollution and the Common Law 71
2.3 Water Pollution and the Common Law 72
3 Introduction to Statute Law 73
4 The Law Relating to Air Pollution in England 77
4.1 The Present Situation 77
4.2 The Alkali Act and Alkali Inspectorate 77
4.2.1 Introduction 77
4.2.2 Best Practicable Means 79
4.2.3 Enforcement 8l
4.2.4 Praise and Criticism of the A.I. 83
11 -
Page No
4.3 Local Authority Control over Air 85 Pollution : The Clean Air and PublicHealth Acts
4.4 Central-Local Dichotomy 87
4 .5 Achievements of the System 88
4.6 Likely Future System 90
4.7 Air Pollution Law and the EnergyIndustries 92
4.7.1 Electricity 92
4.7.2 Coal 93
4.7.3 Oil 93
Freshwater, Esturial and Coastal Pollution 94
5.1 The General Law 94
5.2 Water Pollution Law and the Energy
Industries 96
6 The Law Relating to Pollution of the Sea 96
6.1 Oil at Sea 96
6.1.1 Introduction 96
6.1.2 Prevention of Pollution from Explorationand Exploitation of the Sea Bed 97
6.1.3 Prevention Of Pollution from Ship-borne 97Oil
6.2 Dumping at Sea 99
6.3 Land-Based Sources of Pollution at Sea 99
6.4 The Other Energy Industries and Pollution 
of the Sea
7 The Law Relating to Land Pollution 101
7 .1 Introduction 101
7 .2 The Present Planning System 102
7.3 Pollution and Planning Decisions 102
7 .4 The Law Relating to Coal 104
7 .4.1 Underground Mines 104
7.4.2 Opencast Mines 105
7.4.3 Tips and Solid Wastes 105
7.5 The Law Relating to the Oil Industry 106
7 .6 The Law Relating to Electricity Generation 106
8 Comparative Legislation 107
8.1 The United States 107
8.2 The EEC IO8
- Ill
Chapter V
Chapter VI
Page j
9 The Future 109
9.1 Air and Water Pollution 109
9.2 Environmental Impact Statements (EIS) 109
10 Conclusion 111
Energy Policy and Environmental Policy 114
1 UK Fuel Policy : A Brief History 114
1.1 Introduction ll4
1.2 Fuel Policy 1947-1973 ll4
1.3 Post 1974 Fuel Policy 120
1.3.1 Coal 120
1.3.2 The Oil Industry 121
1.3.3 Nuclear Policy 122
1.3.4 Conservation 122
1 .3.5 Alternative Technologies 123
1.4 Discussion of UK Fuel Policy 123
2 Energy Forecasts for the UK 124
3 Interactions between Fuel Policy and Environmental Policy 126
4 Energy/Environment Models 139
Discussion of the Methodolo^ and Terms of Reference of this, and other, energy/environment studies 143
1 Introduction ; What to Include in an Energy/Environment Study 143
2 Normalisation 147
3 Terms of Reference 148
4 Environmental Indices 149
4.1 Air Pollution 149
4.2 Water Pollution 150
4.3 Solid Wastes 151
4.4 Land Pollution 152
4,5 Public Health and Safety 153
Chapter VII The Environmental Effects of the Coal Industry
1 Underground Mines
1.1 Introduction
1.2 Subsidence
1.3 Solid Wastes
1.4 Water Pollution
- iv —
155
155
155
158
159
160
2 Opencast Mining
2.1 Introduction
2.2 Land Impact
3 Transport by Rail
4 Conclusion
Chapter VIII The Environmental Effects of the Oil Industry
1 Introduction
2 Oil at Sea
2.1 Introduction
2.2 Large Spills
2.2.1 Tanker Accidents
2.2.2 Blowouts
2.2.3 Platform Spills
2.2.4 Pipeline Spills
2.3 Small Spills and Routine Pollution in Ports and Terminals
2.3.1 Introduction
2.3.2 Rout ine Pollut ion
2.3.3 Accidental Pollution
2.4 Routine Tanker Pollution
2.5 Effects of Oil at Sea
2.6 Treatment of Oil Spills
2.7 Costs of Oil Pollution Damage
3 Air Pollution 
Land Impact
Chapter IX
Interference with and from the Fishing Industry
Refinery Explosions 
Conclusion
Sulphur Dioxide Emissions from the Generation of Electricity
1 Introduction
2 Sources of Sulphur Dioxide
2.1 Global Sources and Emissions
2.1.1 Primary 80^
2.1.2 S econdary 80^
2.1.3 Total Sulphur Budget
Page No 
l6l 
l6l
163
164
166
167
167
169
169
171
171
173
177
177
178
178
180
180
183
185
187
187
189
190
190
191 
191
193
193
193
193
193
193
195
Page j
2.2 UK Emissions of 80^ 195
3 The Formation, Transformation and Removal Mechanisms of 80^ 199
3.1 Formation and In-Plume Reactions 199
3.2 Sinks for 80g 199
3.2.1 Chemical Conversion 199
3.2.2 Fate of 80g Conversion Products 200
3.2.3 Precipitation by Scavenging (Rainout and Washout) of Unconverted SOg 201
3.2.4 Dry Deposition 201
3.3 Residence time of 80g In the Atmosphere 202
4 Problems in the Assessment of the Effects of 80g 202
4.1 General Difficulties 202
4.2 Health Effects 203
4.3 Effects on Vegetation 205
5 Costs of SOg Pollution Damage 207
5.1 Some Estimates of the Costs of SOg Damage, and Air Pollution.Damage Costs Generally 207
5.2 Comparison of Costs Derived in US and UK 211
5.3 Misrepresentation of Air Pollution Damage Costs 212
6 The Effects and Costs of SOg Pollution from Thermal Power Stations. 214
6.1 Introduction 214
6.2 Power Station Surveys - Contribution to Ground-level concentrations 215
6.3 The pH of Rain around Power Stations 219
6.4 Urban and Low-Level Emissions 220
6.5 Long Range Transport and Acid Rains 221
7 Conclusions 222
Chapter X Other Environmental Effects from Electricity 
Generation
1 Effects on Landscape and Amenity
2 Thermal Pollution
2.1 Introduction
2.2 Once Through Cooling
2.3 Cooling Towers
2.4 Global Effects
225
225
227
227
228
229
230
- VI -
Chapter XI
Page No
3 Water Pollution 231
4 Particulate Air Pollution 232
4.1 Introduction 232
4.2 Organic Particulates 232
4.3 Inorganic Particulates 234
4.4 Effects 236
5 Nitrogen Oxides 237
6 Carbon Dioxide (COg) 240
T Rare Serious Accidents 24l
8 Conclusion 241
Conclusion 24i
Bibliography 259
- vil -
— 1 -
CHAPTER I : INTRODUCTION
The past decade has witnessed an upsurge in concern over 
the quality of the environment in the industrialised and developed 
world. In the U.K. on a national level, environmental pressure 
groups such as Friends of the Earth give evidence to Select 
Committees, while on a local one amenity groups are more effective 
now than ever in challenging the plans of would-be developers. At 
the same time energy policy has been brought to the forefront of 
public consciousness by events such as the quadrupling of the 
price of oil by OPEC in 1973/4 and the spectre of a possible 
energy gap before the end of the century. Not surprisingly since 
the energy industries are together responsible for more pollution 
than any of the industries’, these two developments have become fused into 
greater concern over the environmental effects of the energy 
industries, and it is conceivable that in the futur^ environmental 
considerations could become major determinants of fuel policy.
This interaction between environmental and energy policies has 
been both catalysed to some extent, and epitomised, by the present 
world-wide debate on the future of nuclear power. In response to 
fierce attacks on nuclear power on environmental grounds proponents 
of nuclear power have cited the allegedly dirtier environmental 
records of other energy industries as a defence of nuclear power.
This has resulted in several studies comparing the overall environ­
mental effects of different energy industries. Such comparisons 
have up to a point defined the arena within which discussion of 
the environmental effects of- the energy industries can legitimately 
take place for many environmentalists have joined the battle on 
these terms. It is assumed that ideally, if all the environmental 
effects could be evaluated, these studies could be used to obtain 
overall environmental impact indices for each fuel and assess the 
degree to which the environmental effects are already internalised 
into the fuel costs, and whether they should exert more influence 
on fuel policy than they already are.
However, is is not immediately obvious that such an approach 
is legitimate. It might at first seem that one is arbitrarily 
defining two sectors, the energy sector and the environmental
sector, and looking at the area of overlap. But two questions 
then present themselves. Firstly, why in looking at environmental 
cost should the energy industries he segregated from other 
industries^  And secondly, why should the environmental costs of 
an industry he separated from other costsÎ
There are good reasons for treating the energy industries 
as a sector in looking at environmental matters. Apart from the 
fact that the energy industries cause a lot of pollution and 
possibly some of the worst environmental effects, there is a low 
elasticity of substitution between energy and other goods (though 
conservation practices are changing this to some extent) but 
considerable potential for substitution between different fuels. 
Energy is central to all industrial activity and energy of one form 
can only be replaced by energy of another form and so the 
environmental effects of the first are replaced by those of the 
second. The energy industries together constitute a well-defined 
market into which the externalities can^ in principle^be internalised.
It is less obvious that the environment should be treated 
as a sector. Why should many diverse environmental effects be 
lumped together and weighed against competing policy objectives? 
Surely each environmental effect should be separately assessed and 
weighed against competing needs for resources whether environmental 
or otherwise. After all there are many studies devoted to evaluating 
these effects so that their relative importance may be ascertained. 
However, it is precisely because environmental effects are so 
difficult to quantify, because of their particular qualities - 
their intangibility and potential irreversibility in some cases - 
and because they are often inadequately dealt with by the market 
that their separate treatment is justified. Moreover^  it is con­
venient to treat the environment as a unit for administrative 
purposes as evidenced by the existence in many countries of 
governmental departments with responsibility for the whole environ­
ment, and this provides organisational pressure to treat the whole 
environment as a unit for economic purposes also.
If one accepts the basic rationale for energy/environment 
studies, a rigorous study of the environmental effects of the energy 
industries should look at the direct and indirect environmental 
effects of all the energy industries. However, the purpose of this 
study is not to give a comprehensive survey of all the environmental 
effects of all the energy industries (space and time would not in any
case permit); rather it is to bring to light certain general 
principles about the data and methodology of such studies.
This I intend to do by looking at the environmental effects of 
certain energy industries in the UK to see how far it is 
possible to assess these costs and how far they are already 
internalised, I will then look at the influence, in both positive 
and normative terms of these environmental costs on fuel policy.
In the process several differences are noted between the 
situation in the UK and that in the US whence most energy/ 
environment studies originate.
I look only at the primary energy industries, neglecting 
the effects of energy use such as vehicle and domestic pollution 
though such pollution must be mentioned for comparative purposes 
where its effects swamp those of primary energy pollution. Of the 
primary energy industries I do not deal with nuclear power since 
its effects have been dealt with extensively elsewhere, though 
again recourse to it may have to be taken for comparative purposes.
On the other hand, alternative technologies such as wind and solar 
power and’coalplexe^ ’ are omitted because of the lack of knowledge 
about the environmental effects of these incipient industries.
The gas industry is excluded because of the small size of its 
environmental effects.
On the environmental effects side I look only at the first 
order effects, although for complete rigour one should look at the 
environmental repercussions throughout the economy. And I confine 
myself to effects upon the external environment since occupational 
health and safety cannot be directly compared with public health and safety 
(although the line between the two is sometimes blurred) and has 
been the main focus of all previous studies.
Two basic problems with overall comparisons of the environ­
mental effects of different industries are firstly what to include 
and secondly how to evaluate what is included. Both will depend to 
a large extent upon the subjective values of the assessor. In order 
to give some idea of how these values vary and the factors which can 
influence them, I deal in Chapter II with environmentalism and the 
sort of considerations which have influenced and prompted the rise 
of the environmental movement. Though constrained by subjective, 
unquantifiable considerations,traditional cost-benefit analysis 
still provides guidance for how to evaluate externalities, and 
hence the basic theory and its relevance to environmental problems 
is dealt with in Chapter. Ill. But as well as being the obj ect of
economic analysis environmental values have influenced the shape 
of economics, through the concept of "spaceship earth" and the 
materials balance approach which has been incorporated into general 
equilibrium and input-output models. These are dealt with in 
section 3 of Chapter III while section 2 looks at the well established 
theory of externalities which is embedded in the neo-classical 
welfare economics from which cost-benefit'analysis derives and ah 
understanding of which is also presupposed in general equilibrium 
and input-output models of the environment.
Having looked at the economic prescriptions for internalising 
externalities I examine the legal apparatus for so doing in Chapter 
IV with particular reference to pollution from the energy industries.
A reciprocal relationship between law and economics emerges, for 
while the state of the law influences the economic evaluation of 
externalities, the law is formulated with its economic reper­
cussions in mind. The law for air pollution is dealt with in 
considerable detail for it embodies all the basic characteristics 
common to all U.K. pollution law and illustrates particularly well 
the concept of best practicable means.
Having thus considered environmental policy, past and present, UK 
fuel policy is the subject of the first section in Chapter V. Turning 
to the future the second section briefly discusses various forecasts of 
energy supply and demand in order to show how alternative views of the 
future can lead to different emphases on environmental considerations 
and opinions on the compatability of energy and environmental 
objectives. Actual interactions between fuel and environmental policy 
are examined in Section 3, while Section 4 looks at the models which 
claim to portray the environmental consequences of different energy 
policies and thus act as a guide to future policy.
The methodology underlying such energy/environment models is 
critically appraised in greater depth in Chapter VI with particular 
reference firstly to the problem of deciding which environmental 
variables are relevant to any such study, and secondly to the procedure 
of normalising these variables so as to obtain a consistent base from 
which to compare pollution from different energy sources. This is 
followed by a discussion of the proposed methodology of this study and 
which environmental indices are considered relevant, and definitions 
of these variables to give a basis for the brief review of the 
environmental effects of the coal, oil and fossil-fuelled electricity 
industries which ensues.
Chapters VII and VIII look at the environmental effects of the 
extraction of coal and oil respectively in terms of the previously discussed 
indices, while Chapters IX and X examine the effects of. their combustion.
In Chapter IX the effects of sulphur dioxide are treated at length, not only 
because more is known about this pollutant than any other caused by fossil 
fuel combustion, but also because what is known about its behaviour 
exhibits principles applicable to all pollution and particularly air 
pollution, and what is not known illustrates many of the general difficulties
in determining the effects of pollution.
In looking generally at the environmental effects of the energy 
industries, the gulf between the scientific reality of what is known about 
these effects and the economic theory prescribing how they should best be 
internalised, is exposed, as are some of the shortcomings of overall energy/ 
environment studies and models. These are discussed in the conclusion,
where what is known about these effects is viewed in the context of present
UK fuel policy and the environmental effects of the coal- and oil-fired 
electricity generation fuel cycles are compared.
Many of the deficiencies of energy/environment studies - in 
particular their proneness to misrepresent or oversimplify the 
results of other peoples research and themselves be likewise 
misrepresented, sometimes to the point of being sensationalised — 
derive from the fact that the environmental effects of the 
energy industries are so many and varied that they span many 
disciplines, some of which inevitably lie outside the fields 
within which those compiling the studies are qualified. The 
lines of interdisciplinary communication are simply overstretched. 
In this respect this study must also be deficient. While inter­
disciplinary work has the advantage of possibly seeing links and 
perspectives that a specialist would miss, it may suffer from a 
lack of understanding of the individual specialisms it is trying 
to relate to one another. If I come across an area of ignorance 
or controversy the most I can usually do is to identify it as such, 
at best point in the direction where its resolution must ultimately 
lie whether the laboratory, the field or the political arena.
Finally, when one combines a field so rapidly changing as energy 
policy with one in which discoveries are being made at as rapid
a rate as they are in environmental research^ one is inevitably 
quickly overtaken by events. In writing this thesis I set myself 
no cut-off date but tried to keep each chapter as up-to-date as 
possible as I wrote it.
CHAPTER II: THE RISE OF ENVIRONMENTALISM
1. Introduction.
A fundamental change in attitude towards the environment 
has taken place in recent years. What started with an ever 
increasing volume of popular literature on environmental matters 
soon began to manifest itself in almost every sphere - politics, 
law, economics. Whereas pollution used merely to be a matter of 
local disamenity today it is a matter of national and international 
concern.
Though environmental concern has a long history it is only 
in the late 196O’s that the so-called "environmental revolution" 
took off. In the US the National Environmental Quality Act of 1969 
set up a Council on Environmental Quality which issues annual 
reports, and in 1970 responsibility for environmental pollution of 
the air, water and land was integrated under the Environmental 
Protection Agency. In the same year President Nixon adopted the 
Environmental cause in his Special Message to Congress. (388).
Meanwhile, in the UK the doctrine of environmental priority 
was first put in the political agenda in a big way when Mr Wilson 
said at a speech to the 1969 Labour Party Conference that;
"We must deal with the problems of pollution - of the air, of the 
sea, of our rivers and beaches. We must also deal with the uniquely 
twentieth century problems of noise and congestion which will 
increasingly disturb, unless checked, our urban life" ( 101 ). In 
1970 the Royal Commission on Environmental Pollution was set up to 
consider all environmental problems which it felt merited attention. 
The designation of 1970 as European conservation year raised the 
subject of the environment to a European issue, and in 1972, a year 
in which, accordingly to US opinion polls, concern about the 
environment reached its peak ( 67 )^ the United Nations Conference 
on the Human Environment put the matter in a global perspective.
However, as well as a tendency towards greater environmental 
concern there have crystallised certain conflicts between having a 
better environment and the sacrifices that have to be made in order 
to achieve this. Almost every environmental issue embodies or 
ultimately resolves to the subjective preferences of those involved. 
These preferences will be shaped by the overall attitudes towards 
the environment of those concerned and these themselves will be 
characterised by the different world views of the various parties.
So in studying the "Environmental debate" much can be learnt about
the nature of specific environmental conflicts and the problems in 
resolving than.
7
2 Reasons for the Rise of Enviromnental Concern.
2.1 The Origins of Environmental Pressure Groups.
Much of the credit for the stimulation of environmental 
concern must he given to the work of a small number of pressure 
groups and moral crusaders. Some such pressure groups now wield 
considerable power and their representatives have access to the 
highest levels of Government (eg Friends of the Earth, FOE).
However, though the rise in stature of these groups is a 
comparatively recent phenomenon, amenity organisations have been 
part of the British scene since the mid-19th century (64 ).
The protection of wildlife and nature generally are themes 
which have long been present in Britain and Europe. The coming of 
the Industrial Revolution intensified an already gradually 
increasing reaction to the deterioration in the quality of life, 
especially in the great cities. The ubiquity of parks in 
Victorian towns was in recognition of the needs of the urban worker 
family. A desire to give people places to which they could escape 
supplemented by a genuine love of nature motivated Wordsworth to 
initiate a campaign for national parks. But it was not until 1949 
that the expression of similar sentiments culminated eventually 
in the National Parks and the Access to the Countryside Act (15).
Anxiety about what was happening to the countryside 
resurfaced in 1963 when its deteriorating condition was highlighted 
by an exhibition at the world’s first National Nature Week in 
Britain. This led the Duke of Edinburgh to initiate the "Countryside 
in 1970" movement which, because it was one of the first such 
movements of its kind in Britain, harboured people whose interests 
spanned the environmental spectrum (43).
In the US the first conservation movement ran from 1880 to 
1920, around the time when it was becoming apparent that there were 
finite limits to what had formerly been thought of as the "boundless 
frontier". Several of the great national parks were set up in the 
first decades of this century, and since then organisations such as 
the Sierra Club and the Audubon Society have been instrumental in the 
conservation field (64).
A further driving force behind the conservation movement was 
concern for animals and particularly endangered species. In Britain 
the Conservatives passed several acts in the 1950’s: Protection of
Birds Act 1954; the Protection of Animals (Amendment) Act 1954; the 
Protection of Animals (Anaesthetics) Act 1954- and the Deer Act I963.
However, on the wildlife front British conservationists have been 
more preoccupied with the preservation of species uniquely to be 
found in Africa than at home, aided by organisations such as the 
World Wildlife Fund (64 )• Elsewhere extensive campaigns have 
been directed towards such ends as preventing the use of furs of 
threatened species and protecting such animals as Pere David’s 
deer and the Worth American Bison (64 )• In the US the efforts 
of people concerned with species threatened with extinction bore 
fruit when Nixon passed the Endangered Species Act which prohibited 
the importation of any threatened species to the US (43 ).
The importance of the actions of such groups of conservationists 
and wildlife protectors to the evolution of the modern environmental 
movement was twofold. Firstly^by their actions they illustrated how 
with suitable organisation and perseverance a small group of people 
(with purely altruistic motives) could achieve its desired ends and 
prompt appropriate legislation. And secondly the way in which issues 
of wildlife and conservation became international issues set a precedent 
for international action for the common environmental good. The 
issues of wildlife and conservation occupied much of the agenda at the 
Stockholm conference [31, 93), However, the internationalisation of a 
cause does not always ensure its success, as exemplified by the only 
modest achievements of the International Whaling Commission (54). 
Unless the parties to an international approach play the game 
according to the same rules there is bound to be friction and the 
performance is likely to be uneven.
An important event in the raising of environmental consciousness 
and one which laid many of the foundations of the present environmental 
movement was the inauguration of the age of nuclear power. The initial 
development of the atomic bomb and its use at Hiroshima aroused the 
consciences of many scientists. For the first time it was realised 
that man was capable of destroying the world by all out nuclear war.
By the late 1950’s nuclear weapons tests had become commonplace, and 
with the discovery of radio-strontium in the skeletons of young 
children which showed how radioactive debris was accumulating in 
peoples food, the theme of a secret and insidious poison was born.
Strontium can replace the calcium in human bones without any noticeable 
effect until, years later, it may cause cancer. Moreover^the 
radioactive debris from nuclear explosions was carried over the whole 
surface of the earth and slowly scattered down over several years, so 
it was possible to believe that the whole earth had been poisoned ( ).
In order to influence the way in which nuclear power 
would he used in the post-war world several nuclear scientists, 
particularly those working on the Manhattan Project which had 
established the first self-sustaining nuclear reaction, founded 
the Federation of Atomic Scientists and then the Bulletin of 
Atomic Scientists, a journal which was subsequently one of the main 
mouthpieces of the environmental movement. The first tangible 
success of the scientists lobby in the US was in prompting the 
passage of the McMahon Act which placed responsibility for developing 
nuclear weapons in the hands of a nuclear agency. The partial test 
ban of the early I960’s was a further move towards saving the world 
from an indiscriminate technology. Several of the leading lights 
of today’s environmental lobby who were instrumental in the upsurge 
of environmental concern in the late 1960’s and early 1970’s such as 
Barry Commoner and Rene Dubos first became involved, in campaigns 
against nuclear power, ( 54) although their qualifications were not 
always such that they equipped them to speak authoritatively on some 
of the diverse causes they were later to espouse. Barry Commoner’s 
specialisation, for example, was in plant physiology while Rene Dubos 
was a bacteriologist. On the other hand so wide are many of the 
issues pertaining to the environment that, with the ever increasing 
need to specialise further and further today in order to become an 
expert, it would be very difficult to find an eminent scientist who 
was qualified to speak comprehensively on a single environmental 
issue, let alone several. Although for this reason these men may 
have little more right to speak about environmental issues than 
anybody else, they do have a right to speak. The danger is that 
people might attach too much weight to the views of the expert, 
regardless of what he is expert in.
A dramatic link between the aspects of pollution emphasised 
by anti-nuclear campaigners - for example, its insidiousness and 
gradual build-up to lethal concentrations - and the conservation 
movement was forged by the naturalist Rachel Carson in her book 
"Silent Spring" ( 16 ). Ms. Carson shows how pesticides, and particularly 
DDT, may have all sorts of unintended repercussions on nature, whether 
directly, as when certain species of pest develop an immunity to them 
and therefore survive in numbers which upset Nature’s Balance, 
and when birds die from eating seeds dressed in pesticides, or
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indirectly by working their way through the food chain with increasingly 
harmful effects. She insinuates that ultimately man, who is at the 
end of these food chains, could be victim of these effects.
Though many of the more extreme assertions in "Silent Spring" 
have since been discredited (54) the tone of its attack on pollution 
still lives on. In particular it emphasised the delicacy of the "web 
of nature" and the ecological balances, how a small and apparently 
innocuous perturbation of one part of the system can have a major 
destabilising effect elsewhere.
Thus, apart from establishing a physical link between pollution 
and conservation the principles of ecology emphasised the importance 
of conservation in its own right, adding to the moral and sentimental 
arguments of the conservationists a scientific imperative, for the 
destruction of certain species may have unpredictable and possibly 
disastrous effects elsewhere, though in practice this hypothetical 
argument would not have applied to many of the species with which 
conservationists would be concerned, since these were usually at the end 
of a food chain.
Moreover^there was established a conceptual link between 
conservation and pollution in that both could threaten the fundamental 
balance in the biosphere. While widespread deforestation might affect 
the climate through modification of the earttis albedo, pollution could 
do the same through the "greenhouse" or "ice-box" effects. And since 
both types of threat were on a global scale, the only way of tackling 
them was on an international basis. However at the moment assertions 
of imminent global disaster have far too little evidence in support 
of them to provoke any such international response.
The relevance of the ecological theme to the environmental debate 
is that it has integrated many diverse causes under the umbrella of 
environmentalism thus consolidating the overall movement and at the 
same time strengthened many of those causes independently.
Environmental groups and individuals of the type discussed 
above may be called "ideological actors". According to O’Riordan 
they "enter the political arena spurred by intellectual and moral 
motives, and visualise environmental problems in broad terms.o...
Their tactics are more policy orientated than issue orientated’.’ (.67 pp55~'56) 
Their success in influencing environmental politics is considerable. 
Watchdog organisations play an essential role in mobilising political 
concern, and inducing changes in policy-making arrangements and the 
law. However^there may come a point when such organisations, by
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virtue Q.;Ç their very success end constant contact with the relevant 
officials, begin to become institutionalised and part of the system 
against which they have been campaigning, to the detriment of their 
efficacy as a pressure group.
Often the most vehement opposition to environmental disruption 
comes from private actors who are directly affected by that disruption 
and whose motives are therefore primarily personal and selfish.
Again according to O’Riordan "Their participation is episodic and 
crisis orientated; they respond to a particular threat to their health 
or economic welfare, but pay little attention to the broader issues... 
with the simple object of removing the threat (even if it only means 
pushing it onto people elsewhere). Their tactics are often quite 
ruthless and may include maximal use of the media, rallies, protest 
meetings, sit-ins and the like ........ Most "Save the...,," or
"Stop the ,0,," associations are of this kind, some of which may 
arise out of well-established organisations such as ratepayers or 
parent-teachers associations." (67 ÿ 5 )^*
Such opposition has recently been in evidence in the U.K. in 
the local reaction to proposals to build new airports and motorways.
The opposition of the inhabitants ofStanstead to the siting of an 
airport there is often quoted as the first time the U.K. environmental 
lobby flexed its muscles. It was eminently successful and induced the 
Government to set up the Roskill Commission (.30U) which, in assessing 
the relative merits of alternative sites,carried out a complex cost- 
benefit analysis. But when the Commission chose Cublington as the 
most suitable location for the new airport the local inhabitants of the 
Vale of Aylesbury launched so vigorous a. protest that the Government was 
forced to overturn the conclusions, of the enquiry and the third London 
airport was finally planned to be built at Foulness ik3 ) •
There is an increasing tendency today for the interests of both 
private and ideological actors to converge upon particular projects. 
Thus both local and national environmental groups participated in the 
Windscale enquiry and coastal developments pertaining to the oil 
industry will mobilise the forces of local residents and organisations 
such as the Royal Society for the Protection of Birds. However^ 'just 
as the spheres of operation of these two different kinds of campaigners 
overlap so the dichotomy between the self-interested motives of the 
private actors and the supposedly less egocentric ones of the 
ideological actors is far from clear. Local groups may well invoke
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wider arguments of a not purely selfish nature to support their case.
And those who campaign on moral or intellectual grounds may have more 
selfish ulterior motives at heart. For example, concern over 
conservation in the UK could he seen merely as a manifestation of the 
desire of the middle and upper-middle classes to keep the countryside 
to themselves. Moreover, although modern science and technology has 
undoubtedly brought with it many new threats to the environment it 
has also resulted in a proliferation of experts in whose interests 
it is to define pollution and environmental decay as a serious and 
actionable problem. Pollution is a multi-million pound industry which 
must therefore continue to have a valid raison d'etre.
Despite these qualification^,many of the successes of people 
campaigning under the banner of environmentalism have been model 
examples of constructive interaction between public opinion and 
political response —  grass roots democracy at work. Even if 
environmental platforms are used to express discontent of another 
(possibly more fundamental) form, as was the case in the recent 
demonstration against the construction of a fast breeder in France (^ 01 ) 
this is still so. However^the process could well occur in reverse 
with public opinion being moulded by political factors. In this way 
instead of political radicals hiding behind an environmental 
smokescreen w^e could have a government promoting environmental concern 
so as to detract attention from less politically palatable issues. (266) Or 
instead of self-seeking experts exaggerating the issues for their own 
ends we could have politicians doing the same thing in order to gain 
votes and use pollution as a vehicle for political mileage. An 
example of the latter case is provided by way of Senator Thomas F„
Eagleton (364) sided with the environmentalists in.criticising the Nixon 
administrations observance of environmental legislation, a ploy which 
helped him to get the Democratic vice-presidential nomination in 1972,
2.2 The Technological Impetus and the Rising Standard of Living
On the whole however, it seems unlikely that such sinister 
motives did play a large part in popularising the environmental cause, 
and the more straightforward mechanism of environmental action or 
threat and environmental pressure group reaction must be largely 
credited with the raising of environmental consciousness. Nevertheless 
there are other factors which both prompted the formation^and 
contributed to the success^  of these environmental pressure groups.
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In some cases environmental pressure groups were instrumental 
in drawing attention to these factors. In others increased 
environmental awareness has been the result of more direct action 
on public consciousness, rather than through the agency of the 
various environmental lobbies.
Firstly^there is the fact that with increasing population 
and per capita consumption the sheer magnitude of some pollutants 
has built up to levels which can no longer be ignored, whether they 
manifest themselves merely as persistent nuisances or culminate in 
the eruption of certain crises. Until the recent spate of 
environmental legislation it was only in response to such crisis that 
preventive measures were taken, as for example when the London smog of 
1952 led eventually to the Clean Air Act 1956. Independently of this 
some believe there has been a tendency for technology to produce more 
pollution anyway. According to Commoner (144 , l4^ this is the main 
driving force behind the increase in pollution^and is itself a 
consequence of the profit motive: the more industry can externalise 
its costs the greater its profits. Then apart from the increasing 
amounts of long familiar pollutants there has been the introduction 
of many new ones, some of which can in relatively small amounts cause 
widespread or acute harm, in the.way demonstrated by radio-active 
pollution,
As well as a change in the characteristics of pollution there 
has been a change in awareness about the effects of pollution. This 
arises firstly from increased understanding of the effects of pollution 
which has accompanied advances in science. Measuring techniques have 
become more sophisticated so that hitherto undetectable quantities and 
effects of pollutants can be identified. Statistics relating pollution 
to health'have helped put the threats on a more objective basis. And 
these new tools have underpinned theoretical progress in sciences 
such as ecology which not only explain past and present pollutant 
effects but can also predict future ones, thereby militating against 
further pollution, as Silent Spring did, and enabling evasive action 
to be taken.
However, neither the increase in the amounts and number of types 
of pollution nor new insights into their various effects could have 
had such an impact on public awareness of environmental problems 
without the development of the modern mass media which accorded 
extensive coverage to ecological issues, often sensationalising them.
l4
There haye after all been environmental crusaders since long 
before Rachel Carson. John Evelyn identified the problem of air 
pollution in I66I but was unable to convince people of the dangers.
( 24 ). On the other hand excessive dependence on media coverage 
can be disadvantageous, for few causes, however worthy, long attracts 
public attention and support. This tends to amplify the frenetic 
nature of the popularity of an environmental cause. There are 
occasional well publicised successes, but we are not told of the 
frequent failures. It does seem, however, that, as one would expect 
with rising environmental concern, media coverage today is becoming 
more consistent.
Moreover^in the days of John Evelyn pollution was the lesser of 
many other evils, and this implicates another factor which has been 
instrumental in influencing the demand for improved environmental 
quality. Quite apart from variables relating to the pollution itself 
environmental cognition will depend upon the level of attainment of 
other policy objectives relative to which environmental ones must 
be judged. As a society becomes more affluent the more pressing needs 
(such as national defence, health, food) become satisfied and environmental 
quality moves nearer to the top of the list of priorities and figures 
more prominently in evaluations of the quality of life . One reason
why youth has played so large a part in campaigning for the environment 
is that this is an outlet for much of the moral idealism which in 
earlier times found expression in movements of social reform. In France 
for example, disillusionment with the theory and practice of the left 
has led to the energies which, in I968, found an outlet in revolutionary 
mission, being diverted more towards ecological ends. However, it 
must also be said that the young as a force tends to be less critical 
than the elderly and cynical, who would dismiss the espousal of many 
causes by the young as short-lived fashions. But sometimes these 
sudden surges in popular and youthful support do have lasting effects 
as with the Romantic Nationalism of the 19th century.
Support for this "increasing affluence" thesis is provided by the 
fact that there seems to be a correlation between the wealth of a nation 
and the number of threats to the environment it perceives. For example, 
while the US and Sweden have taken action to stop the use of 
chlorofluocarbons which they see as a potential threat to the ozone 
layer, the UK thinks the evidence insufficient to justify such measures 
(159*371)' Moreover within nations, as well as youth, it is often the 
discontented middle-class whose other needs are mostly catered for and 
who have more leisure, that objects most strongly to environmental
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degradation. However, because affluence in a country is usually 
associated with a high degree of industrial development and hence 
a greater potential level of pollution than in less developed 
countries it is hard to disentangle the effects of an increasing 
standard of living on environmental cognition from the other 
mechanisms mentioned earlier. Another complicating factor is that 
many of the most affluent countries are also those with the most 
highly developed democratic systems so that intervention by interested 
parties and pressure groups is facilitated.
Besides influencing the relative position of environmental quality 
in the hierachy of policy objectives through its effect on other 
objectives, increasing affluence may also act, along with the trends 
towards the worsening nature and increased awareness of pollution, in 
affecting the absolute criteria by which environmental ends are judged. 
Beyond a certain stage of development a fundamental change in attitude 
towards the environment and man’s perception of his relationship with 
nature may be catalysed. A mystical, animist view of nature is 
adopted in a way reminiscent of ancient pagan and asiatic religions, 
and resurrected by the transcendentalist authors of mid~19th century 
America, such as Ralph Waldo Emerson who sought a mystical union 
between men, nature and God ( 23 ). Natural objects are seen to have 
their own right to exist rather than existing purely to serve the needs 
of man. Indeed it has been postulated that it is the abandonment of 
such a world view and the adoption by Western civilisations of the 
Judeo-Christian ethic, which for the first time created a man-nature 
dualism which is the root cause of the alleged environmental crisis.
3. Explanations of and Proposed Cures for, the "Environmental Crisis".
According to Lyn White (277 ) "Our daily habits of action ... are 
dominated by an implicit faith in perpetual progress which was unknown 
either to Fran co-Roman antiquity or to the Orient. It is rooted in, 
and indefensible apart from, Judeo-Christian teleology... Especially 
in its Western form Christianity is the most anthropocentric religion 
the World has seen... in absolute contrast to ancient paganism and 
Asian religions (except perhaps Zoroastrianism) it not only established 
a dualism of man and nature but also insisted that it is God’s will 
that man exploit nature for his proper ends... and made is possible to 
exploit nature in a mood of indifference to the feelings of natural 
objects. We shall continue to have a worsening écologie crisis until 
we reject the Christian axiom that nature has no reason for existance 
save to serve man".
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This view has been disputed by other authors most of whom 
nevertheless also believe that there is an ecological crisis which 
is the result of some basic deficiency in Western capitalist society 
and will therefore continue to worsen unless there is a fundamental 
change in that society which removes the alleged cause. Moncrief 
( 230) for example, maintains that the problem is caused by the blending 
together of "democracy, technology, urbanisation, capitalistic mission 
and antagonism (or apathy) towards the natural environment", though he 
concedes that the Judeo-Christian ethic may have influenced the 
character of some of these traits. He points in particular to the 
inadequacy of our social institutions to adjust to environmental 
stress. Black ( 8 ) also identifies the inadequacy of political and 
economic organisations to cope with the situation, but he feels that 
Christianity should not be implicated in the explanation since it 
does make provisions for living in harmony with nature. Leiss 
completes the causal reversal and totally politicises' the argument 
when he asserts that it is the capitalist system that creates a 
conflict between man and nature and "alienates man from (among other 
things) the sense of wonder that only nature in its essence can provide" 
and maintains that "domination of nature is,not an object in itself 
but a reflection of social organisation and political philosophy... 
attitudes towards nature are more the passive outcome of the evolution 
of social thought and governing institutions that an active component 
shaping these elements"( 48 p 231). His solution is a Marxist one with 
a "new set of social institutions in which responsibility and authority 
are distributed widely among the citizenry and in which all individuals 
are encouraged to develop their critical faculties". However, a study 
of environmental disruption in the USSR is a pre-requisite for anybody 
who believes that it is capitalism and private greed that is the root 
cause of pollution ( 32 ,4ll). Indeed the establishment in Britain of 
an ecology party and the stance of many political groups abroad indicate 
that environmental issues transcend orthodox political alignments ^06 ).
A political solution of a different nature has been suggested by the 
Ecologist which in its "Blueprint for Survival" ( 33 ) advocates the 
dismantling of industrial society and a return to rural society embodying 
small scale technology and rustic virtues - a redressing of Rousseau's 
noble savage in modern clothes. The ideas are similar to those of 
Ernst Schumacher, economist-author of the neo-Ghandian tract "Small 
is Beautiful" (83 ). However^  here again there is no reason to believe . 
that this would solve the environmental problem. Indeed I can think 
of many examples where such a step would result in worse pollution than 
there is at present (eg SOg pollution).
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A characteristic (.and in my view à fault) common to all the 
above explanations of why there .is an environmental problem and why 
it cannot be solved without some basic change is that they assume 
man will go on behaving as he has done in the past and has little 
capacity to adapt to the new situation. They lack faith in modern 
science or may even be suspicious of it. In complete contrast there 
are those who are confident that man can,through science and technology, 
engineer a "technical fix" thus obviating the need for any fundamental 
change. However, the fact that technical solutions to most forms of 
pollution do exist,but for economic or political reasons are not 
always implemented^leaves considerable scope for proponents of the 
view that the cure to environmental problems must be more deep-rooted.
But just as technology, economics, politics, religion and
culture are all interdependent, so it is impossible to segregate any
one as the root cause of pollution. This,; as well as differing amounts
of faith in science, explains some measure of the disagreement
between the proponents of alternative explanations. Furthermore,
even if there was a consensus on the basic cause of environmental
disruption, the costs of the cure this would imply would appear
different to different people depending on their subjective values.
Indeed^  the perceived cd'st might affect the original explanation. For
example y the'technical fix'person would stress the benefits of
DDT which was threatened with banning,while a fundamental change
person might tend to down-play these. There would also be both factual
and subjective differences of opinion between the technical fix' and » #fundamental change people over the benefits of environmental protection. 
Whilst the latter might believe in imminent global catastrophe, 
whether from CO^  or thermal pollution, and attribute a special value 
to an undisturbed natural environment, the former would accuse him 
of basing his predictions of doom on naive, over-simplistic models, 
and be just as contented with plastic trees as real ones. The perceived 
magnitude of the environmental crisis or specific environmental threats 
may also be influenced by the perceived cause and costs. By asserting 
that there is a technical fix^ people automatically imply that the 
crisis is not so acute,
A final, but very important factor that enters the implicit 
cost-benefit analysis made by all those involved in the environmental 
debate is the non-pollution repercussions associated with various 
courses of action. For example in some political theories (eg 
those of Marcuse and Leiss) ( gj ) pollution is just one of many evils
18
to which the system gives rise. Others may be alienation, materialism 
etc. Thus, if pollution is an inevitable product of the political 
system, removing its cause will also remove these other undesirable 
qualities and add to the benefits side of environmental protection, 
thus further militating against pollution. Indeed pollution may 
be come to be seen as symptomatic of these other evils, and in becoming 
identified with them take on an even worse light than it would do on 
its own. People may express their dissatisfaction with other aspects 
of the system through pollution and thus be prone to exaggerating the 
environmental problems. /Needless to say, this argument works both ways, and a technical 
fix^person will emphasise the benefits of the system which gives rise 
to the pollution, possibly maintaining that a perpetuation of the 
system is needed to eradicate remaining poverty and inequities.
In the foregoing comparison of the alternative views on 
pollution and growlth the two sides have been both deliberately 
caricatured in order to bring out their differences. Though 
extreme elements 'resembling these caricatures still exist on each 
side (perhaps more so on the zero-growth side) they are in a minority, 
and there has been a general softening of attitudes on both sides.
Even the most fervent pro-growth person would concede that there is 
a need to ensure that the side effects of growth are not too 
deleterious. On the other side Friends of the Earth is at pains to 
point out it is not anti-growth. In the U.K. The Appropriate 
Technology (AT) movement, which advocates extensive use of renewable 
energy sources, is split between those who see AT as operating 
within the present system and those who see the adoption of AT as 
part of a more fundamental social and political change in society.
Even the Club of Rome which produced Limits to Growth (.59) has- since 
admitted that the plight of the world is not as hopeless as it 
originally projected, (378). Overall there has been a shift'of 
emphasis from the feasibility of growth to the quality of that growth.
In this way the issue of pollution has become incorporated 
into the Growth/No Growth debate sparked off by "Limits to Growth"
( 59) which examined the consequences of increased pollution on 
the environment, increasing population on the world's food supply, 
and the depletion of the world's finite resources, and concluded 
that growth could not long be sustained at the level at which it
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then stood. Like pollution, the other issues to which "limits 
to Growth addressed itself had been raised long before. For example, 
devons dealt with the question of the depletion of coal in the 19th 
century reaching a somewhat more optimistic conclusion (42 ) and 
overpopulation is a theme for which Malthus is celebrated# (56 )HMoreover, both the assumptions and therefore conclusions of Limits 
to Growth have largely been discredited (257). Nevertheless, "Limits 
to growth" was significant in that it revived the debate of the l8th 
and 19th century economists and yet distinguished itself from earlier 
approaches by adding new environmental constraints.
The ideas of "Limits to Growth" have become associated with the 
concept of "Spaceship Earth". This phrase was introduced when used 
by the US ambassador to the UN in I965 (67 ) who, in a speech before 
the Economic and Social Council in Geneva referred to the earth as 
a little spaceship on which mankind travels, "dependent on its 
vulnerable supplies of air and soil", and quickly seized upon by 
Boulding (133 ) in a new characterisation of environmental economics 
where pollution control and resource conservation could be woven into 
the fabric of economic growth.
Together the ideas in Limits to Growth and the Spaceship Earth 
concept have been instrumental in instigating an approach to economics 
which took account of inputs from, and outputs to the environment, in 
so-called "materials balance" models.
20
CHAPTER III ; THE PRESCRIPTIONS OF ECONOMIC THEORY FOR THE EVALUATION ANDCONTROL OF POLLUTION
lo Introduction
Th.© ©nvironiuBntal etliic Has Had a considerable impact on economic 
theory» Not only Has it instigated a new approach to macroeconomics in 
which the economy is viewed as a closed, rather than an open system, but 
it has given unprecedented prominence to a well established and conventional 
body of microeconomic theory: namely that which deals with externalities.
In fact^ many of the materials balance models which treat the economy as 
a closed system draw heavily on the theory of externalities, especially 
where they are used to show that, given adequate data,it is possible 
in theory to derive a set of taxes which increase society’s overall 
welfare in the presence of environmental pollution. In order to understand 
their use and the way in which they differ from,and claim to improve 
upon,the traditional approach to pollution problems, it is necessary 
to first study that traditional approach. Hence^in the next section 
I will address myself to the question of externalities and the neo­
classical welfare economics of which the theory forms a part. The 
analysis is always carried out in a partial equilibrium framework, 
assuming optimality in the rest of the economy. After examining 
externalities and the alternative ways of internalising them in an 
otherwise perfect world the assumptions of perfection will be dropped, 
and finally their relevance to the energy industries, which are far 
from perfect, will be examined.
Neither the partial equilibrium micro-economic analysis nor the 
general equilibrium and input-output approaches would have more than 
theoretical interest, demonstrating that solutions can be found if the 
necessary data is available, unless the costs and benefits of the poll 
ution control they examine are known. It is to this end that the tools 
of cost—benefit analysis, which has its foundations in neo-classical 
welfare economics, must be turned. This is the subject of the fourth 
section which lays particular emphasis on the problems of using cost- 
benefit analysis in environmental matters. Dealing with cost-benefit 
analysis and externalities on the one hand and the materials balance 
approach on the other it is apparent that environmental economics lies 
both within and beyond theoretical welfare economics.
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2. Externalities
2,1 ■ Definition
Pollution is the classic example of an externality. In simple 
terms an externality is an effect which influences the well-being of a 
person without that person being able to directly control the degree 
to which he is subjected to the effect. The effect may be adverse, as 
with a foul smell from the neighbour's kitchen, which the sufferer would 
wish to diminish, or it could be a beneficial .effect, of which the 
beneficiary would like more, as when a neighbour keeps bees which 
pollinate the apple trees in his garden. The externality is not a 
result of, or sensitive to, the affected party's normal economic activity, 
and violates the assumption of most economic analysis that, given an 
income constraint, a persorîs welfare is determined solely by variables 
under that person's control.
As far as the definition of an externality in the terminology of 
economics is concerned, though the concept of externality, introduced 
in the last century by Marshall ( 57 ), and first given a full treatment 
by Pigou in his famous Economics of Welfare (72 ), has a long history, 
there is still ambiguity in the definition of an externality and 
controversy over what it should be, Buchanan and Stubblebine (136), 
for example, define an externality to exist whenever there is an 
interdependence between the utility of one individual and the activities 
of another, such that - U^ x^ ,^Xg, .... where is the utility
of individual A which is dependent on his activities, x^...x^ and also 
upon activity y^ of individual B. Nath ( 62 ) on the other hand contends 
that interdependence alone is insufficient to define an externality and 
that an externality only exists if there is an untraded interdependence.
Even accepting a particular definition of an externality there 
still remains much scope for differing interpretations of the definition 
Indeed some economists choose to interpret the concept of an externality 
in such a way that it covers almost every kind of market failure (126), 
and encroaches upon areas of economics which already fall into familiar 
categories. In this way Mishan (226) has shown that the category 
elaborated by Scitovsky (258) of pecuniary, as opposed to the more 
familiar technological, external effect, is redundant.
Pecuniary externalities relate to the change in the output or the 
utility of a third party due to changes in the level of demand and are 
shown up in changed prices and profits. With technological externalities 
the technological possibilities of production^or the utility of the 
affected party^are affected by the activities of the externality-causing 
agent,and thus the change goes unpriced.
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As well as a variety of definitions of an externality and 
interpretations of those definitions, there is a plethora of sub­
divisions. An external diseconomy is one where is adversely 
affected by an increase in the level of y^ , while with an external 
economy there is a positive correlation between the two. There are 
different possible permutations of interdependnece between producers 
and consumers: producer-producer, producer-consumer, consumer-producer
and consumer-consumer externalities. As well as these uni-directional 
externalities there are reciprocal externalities where just as A’s 
utility depends upon the level of some activity wholly under the control 
of B , so B’s utility is affected by one of A's actions.
Each of these types of externality can be subjected to further 
taxonomical distinction. Buchanan and Stubblebine ( 136) have 
characterised externalities by whether they are marginal or infra­
marginal, potentially relevant or irrelevant, and Pareto-relevant or 
Pareto-irrelevant. Marginal externalities are those for w h i c h / 0, 
that is a small change in the activity undertaken by B will change A's 
utility, while for inframarginal externalities ^ U^ /Dy^  ^= 0 and
that is while incremental changes in the
3y]_
extent of B's activity y^ ,^have no effect on A’s utility, the total effect 
of B's action has influenced A’s utility. Potentially-relevant 
externalities generate a desire on the part of the externally affected 
party to modify the behaviour of the party responsible for the externality 
while irrelevant externalities exert no such influence. Though for small 
changes infra-marginal externalities are by definition irrelevant, for 
large or discrete changes they can be potentially relevant unless A's 
utility cannot be increased by changes in B's level of activity,y^ . The 
Pareto-relevance of an externality implies not only the desire of A to 
modify B's behaviour, but his ability to do so in such a way that he can 
be made better off without making B worse off. Buchanan and Stubblebine 
maintain that marginal externalities may continue to exist even in 
Pareto-equilibrium, that is when Pareto-relevant externalities have 
been eliminated. Because of his having adopted a different definition 
in the first place however, Nath ( 62 ) contends that if a marginal 
externality exists then it is always both what Buchanan and Stubblebine 
call potentially relevant and Pareto-relevant, so these two categories 
are redundant.
The analysis of Buchanan and Stubblebine presupposes that externalities 
are separable so that the level of externality does not affect the 
variation of A's utility with respect to changes in A's activities
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( )ie -s— — . Davis and. Whinston ( 154) studied non-separable
( '^'"n^l )
externalities where this is no longer the case, A purely infra­
marginal externality is always separable; other types may not be.
The mathematics of dealing with non-separable functions presents 
more difficulty than that for separable ones, and if the non-separable 
externalities are also reciprocal it can, under certain conditions 
become intractable.
In a rigorous analysis of externalities Meade (59,220 ) 
distinguished between externalities which were "unpaid factors of 
production" which yield constant returns to scale for society as a 
whole but not for the individual industry affected by them, and those 
which he called creation of atmosphere which yield constant returns to 
scale for each individual industry benefiting from them (these returns 
to scale would be negative for an external diseconomy) but not for 
society as a whole. The distinction has many of the qualities of that 
made by Baumol and Oates (^  ) between depletable externalities, where
consumption of the externality by one person excludes its consumption 
by someone else, and undepletable externalities which do not have this 
property of excludability and hence have much of the characteristics of 
public goods, (or bads, depending on whether the effect is beneficial 
or detrimental).
However, in practice it is hard to find examples of depletable 
externalities since they would only exist if they were insignificant or 
the cost of collecting a price for them exceeds the potential gains. 
Significant examples of reciprocal or non-separable externalities (let 
alone combinations of the two - a subject with which Davis and Whinston (154) 
deal) are also hard to envisage. Indeed many of the above classifications 
are of purely academic or theoretical interest. The term externality 
as it is usually used in the literature refers to Pareto-relevant 
externality, which is certainly of most importance as far as real world 
situations are concerned. In terms of the above nomenclature the- 
significant characteristics of environmental spillovers are that they 
are mostly producer-consumer, undepletable, technological Pareto-relevant 
externalities,
2.2 Externalities and Welfare Economics
Environmental spillovers arise either because they affect common 
property resources (ie for which no property rights exist) which can 
only be imperfectly reduced to private ownership and cannot therefore 
be allocated and priced by the market, or because, although property 
rights exist, the high costs of finding out who is responsible for 
the spillover and doing something about it precludes action being taken.
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the more so the greater the number of people involved. In the former 
case the situation has much of the nature of a public good problem, 
where control of the spillover is the public good which, once provided 
for one person is available at no cost to others (the spillover itself 
being a public bad) and the optimal amount will be provided only when 
forces outside the market intervene. It also has elements of a joint 
production situation where two goods (or in this case a good and a bad) 
are produced in fixed proportions by some process ( 227). Thus, just as 
one can look in many ways at the definition of an externality, so one 
can explain the reason for its occurrence from different economic 
perspectives. Whatever the definition or explanation, because the use 
of the environment is unpriced,if there is an opportunity cost in using 
the environment to accommodate the spillover (or, in other words, there 
is a positive shadow price associated with the environment) there will 
be overuse of the environment in question unless non-market forces 
dictate otherwise.
The presence of externalities violates certain of the usual 
assumptions made to drive the conditions which must be met if an economy 
is to be in a position of Pareto optimality. The concept of Pareto 
optimality occupies a central position in traditional economics. It is 
based on the value judgement that for a given distribution of goods and 
factors the overall welfare of society cannot be increased if the economy 
is at a position where nobody can be made better off without also making 
somebody worse off. In this way it does not admit the possibility of 
making qnter-personal comparisons in determining the relative merits 
of two economic positions. By the same token it says nothing on how 
to compare different distributional situations. Each will have its own 
Pareto optimum, and the only way of ranking them to find some optimum 
optimorum is to impose an exogenous social welfare function. The 
Paretian value judgement dictates that the form of this social welfare
function W, is W=W (U^..... U^ ) and dW/dU^  = 0. , where is the utility
of the i th persion. As well as the Paretian value judgement, Paretian 
welfare economics contain other value judgements; that an individual 
is the best judge of his own economic welfare, and that concern is to 
be with the welfare of all members of society, rather than some selected 
individuals. Given these value judgements it is possible, making certain 
technical assumptions, to derive the conditions for exchange, production 
and consumption which yield a position of Pareto optimality.
25
In the presence of externalities certain of these technical 
assumptions are no longer tenable. Firstly, on the consumption 
side, it is assumed that no non-economic factors influence an 
individual's welfare which therefore depends only on his own 
income, wealth and leisure, or in other words on goods and 
services which are exchangeable in the market.* Similarly on the 
production side there is no non-market interdependence between 
production units. These two assumptions therefore rule out the 
possible existence of externalities since the presence of 
externalities does inter-relate different utility functions, 
different production functions, and utility with production 
functions in a non-market way and implies that there are not only 
private goods. Moreover, together they imply that there is no 
divergence between the private and social evaluation of economic 
activities.
Apart from the assumptions which rule out the existence of 
externalities, several other assumptions have to be made, in order 
to derive the necessary conditions for Pareto optimality. The 
economy is assumed to be static and therefore the amount of goods 
and labour is fixed, and neither production nor utility functions 
change. Both utility and production functions are continuous (twice 
differentiable). Utility functions are convex with indifference 
curves for each individual exhibiting diminishing marginal rates of 
substitution between any two goods. Production functions demonstrate 
non-increasing returns to scale and the iso-product curves display 
diminishing marginal rates of substitution between any two factors.
All these functions possess sufficient curvature to yield tangency 
solutions and to satisfy the stability conditions. All commodities 
and factors of production are perfectly divisible, and there are no 
perfect complements or substitutes. And finally consumers wish to 
maximise their utility and producers their profits.
Given these assumptions the necessary conditions for achieving 
Pareto optimality can be derived by differentiating with respect to 
each of the independent variables and equating to zero the relevant
éconstrained objective functions on the consumption and production sides
* Nath (62) considers this to be a value judgement rather than a technical assumption as Rowley and Peacock (8I) do.
# Bohm (10 , Appendix l), for example, gives a rigorous mathematical derivation of the Pareto conditions for an economy in which there are two goods, two consumers and two factors of production. In most Economics books, however, the conditions are derived diagramatically.
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The process yields the conditions that between any two goods, or any 
good and any factor of production, the rate of subjective substitution 
must be the same for all persons, and that this rate should also be 
equal to the rate of transformation between two goods or a good and a 
factor, this latter rate being the same wherever these goods are produced.
These conditions are automatically fulfilled under perfect competition 
in a perfect market. Thus the "golden rule" for producers to maximise 
profits under perfect competition by equating marginal costs to marginal 
revenue also produces a Pareto optimal situation. But though the 
conditions of perfect competition are sufficient to give Pareto optimality, 
they are not necessary, and, granted the necessary assumptions, the 
necessary conditions for achieving Pareto optimality can be met in any 
system which equates prices to marginal costs, whether it is a centrally 
planned one or a perfectly discriminating monopoly.
In theory a Pareto optimal situation can simply be restored in the
presence of externalities by, instead of equating marginal private 
costs with marginal private benefits as is done under perfect market 
conditions, equating marginal total social costs to marginal total social 
benefits. For a single firm the private equilibrium will be at E where its 
marginal costs (MC) equal its marginal benefits (MB). If however the 
firm is causing pollution the amount of which increases in some way with 
the firms output, the total social costs (SC) are the private costs plus 
the costs of abating the pollution to whichever degree yields the overall 
optimum for each output (CC), and the total social benefits (SB) are the 
private benefits (or revenue) of the firm minus the costs of damage 
caused by the pollution (DC). The optimum will now be at the point 
where the derivatives of these two functions, the marginal social costs 
(MSC) and marginal social benefits (MSB), are equal (see fig.' III.l) at E^ .
An alternative approach to achieving an optimum, more commonly used,
is to equate the marginal costs of pollution control (MCC) with the
marginal benefits of the control (or marginal damage costs, MDC - see 
fig. 111,2). The benefits in this case correspond to the pollution damage 
in the last case, which has here been avoided by the imposition of the 
controls. The costs will include the costs to the firm in terms of 
changed output and hence decreased revenue, as well as the direct costs 
of installing and operating the abatement equipment. Hence the two 
approaches are integrally related. Whether the firm reduces pollution 
by reducing output, by installing abatement equipment, or by some 
combination of the two measures will depend on the relative costs 
of each approach.
Whichever way one looks at the problem,there are alternative ways of 
achieving the new equilibrium necessitated by the presence of externalities, 
if optimality is to be restored. They are conventionally analysed within
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a partial equilibrium framework, and by at first assuming optimality 
in all other sectors of the economy.
In^ so-called bargaining solutions the polluter may compensate 
those who suffer the pollution, or the victims may bribe the polluter 
to stop pollution* Either approach is consistent with the attainment 
of Pareto optimality if the other necessary conditions are satisfied*
But in practice such a bargaining solution is not attainable by 
definition, or else the pollution would not have arisen in the first 
place. What incentive is there for the polluter to compensate the 
sufferer? Why should he forego the use of a free environmental 
facility? Conversely, seldom is the situation well enough defined 
in terms of who the sufferers are and how great their suffering, or 
who the polluter is, for the sufferers to come together and bribe 
the polluter to stop*
Thus, given that some form of outside intervention is necessary 
if Pareto optimality is to be restored, the question becomes which 
of several possible alternative forms this intervention should take*
2.3 Ways of Internalising Externalities
These alternatives will have different enforcement and administrative 
costs which must be included in the overall control costs* Since 
the optimal level of pollution is determined in theory by comparing 
the costs and benefits of control, different approaches to internalising 
the externality will lead to different optimal levels of pollution*
If, as is often the case, data on the effects and costs of pollution 
damage is scarce, the enforcement and administrative costs will exert 
a strong influence on the optimal level of control* Apart from these 
costs, which can be measured, different institutional approaches to 
the control of pollution will involve differing degrees of government 
or judicial intervention with concomitant loss of personal freedom.
Or they may have different ethical, moral and distributional implications. 
Finally, certain approaches may be more suitable than others for 
application to the control of certain pollutants*
The main alternatives for controlling pollution may be 
distinguished firstly by the degree to which they use the price 
mechanism and^secondly^by the direction of payment (i*e* whether 
the polluter pays or is paid to control pollution). The solution 
which makes most use of the price mechanism, and therefore most 
beloved to economists, is that originally proposed by PigQU of 
imposing upon polluters a tax equal to the marginal damage they cause*
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BC is the marginal net benefit to the consumer and OA the marginal 
damage to the consumer. If property rights he with the consumer,and 
bargaining solutions are ruled out on the grounds of cost,private 
equilibrium will be at C although E is the Pareto optimum. The 
imposition of the tax will shift the polluters marginal cost function 
as shown to PE in the diagram and hence induce him to operate at E^ .
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Each., company will abate pollution until it finds, the costs of so doing 
greater than the tax it would otherwise have to payo This will in 
theory be the most efficient way of achieving a desired level of 
pollution since those companies which have the cheaper abatement 
facilities will use them rather than pay the more expensive tax.
Moreover, since in this approach the polluter pays a tax on the pollution 
that remains after the optimal position has been reached, there is 
always an incentive to find ways of further reducing the discharges.
Thus, as Beckerman emphasises in a plea for their more widespread 
adoption ( 5 ), taxes promote both intra-and inter-firm efficiency.
Indeed pollution charges have the special attraction for economists 
of being a rare example of a tax which promotes efficiency (in bringing 
the economy closer to a Pareto optimum) *- others usually have the 
opposite effect, A further advantage of the tax solution is that, 
since only the damage functions need to be known and firms may be 
left to decide their own response to the taxes derived from these 
damage functions, the information costs are likely to be lower than 
other methods of pollution control which, as will be seen, require 
knowledge of both the damage and control costs in order for marginal 
social costs to be set equal to marginal social benefits. As Meade 
says, in theory "taxes have all the advantages of a decentralised 
price system,"
The simple Pigovian tax solution, however, does contain one 
error, which was corrected by Buchanan and Stubblebine (136 ), They showed 
that in order to achieve an optimal solution it is insufficient merely 
to tax the polluter - a marginal subsidy must also be paid by the 
sufferers to the polluter if potential gains from trade are to be 
eliminated and a true Pareto equilibrium achieved. As Rowley and 
Peacock put it "the Pigovian tax solution - by ignoring the change 
in property rights implicit in the tax imposition - falsely seeks 
out a solution that is no longer optimal in the post-tax situation",
( 8l .p. 33). In terms of Fig III, is the new Pareto optimum in
the post tax situation, and this will not be achieved by the tax
imposition. The work of Buchanan and Stubblebine is itself derived 
from an earlier observation by Coase (lU3 ) that the externalities are 
in every sense symmetrical. The essence of Coase^ s article is well
illustrated by Maler : "If in Coase's terms a factory is emiting
smoke and thereby damaging the people in the neighbourhood, then 
every action undertaken to decrease this damage by cutting the 
emissions of smoke is damage to the factory. One more person in the 
neighbourhood increases the damage from smoke and would thus require
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a further cut fn smoke emission. This person will thus create a 
margijihl damage to the factory. To achieve the optimum, Coase argues, 
it is therefore necessary to tax both the factory and the persons 
living in the neighbourhood, so that we end up with both an optimal 
amount of smoke and an optimum number of persons living in the 
neighbourhood", ( 55 PP 10-11). hath, however, disputes this and maintains 
that the unilateral Pigovian subsidy to o^r tax on^ the person'who creates the 
externality does meet the necessary conditions for Pareto optimality,
( 62 Ch IV). But as before this is a consequence of his choosing to interpret 
the whole concept of externality differently. Rowley and Peacock 
show how differences of semantics are also at the root of a challenge 
to the Buchanan and Stubblebine solution by Shibata, (8l ).
This symmetry in the treatment of externalities suggests another 
approach to the internalisation of externalities, namely subsidising 
polluting companies as a reward for decreased damage. In the simple 
theory with no transaction costs, and as shown by the equivalence in 
efficiency terms of bribes and compensation, the optimum is independent 
of the direction of payment. Thus Baumol and Oates ( U ) have shown that 
under certain (unlikely) conditions, subsidies will be as effective 
as taxes in reducing emissions by the individual firm. However 
subsidies suffer from the disadvantage of encouraging new firms to 
enter into the industry whereas taxes encourage their exit. This 
entry of new firms may cause a rise in pollution which would more 
than offset the reduction from the decreased pollution of each 
individual firm.
The main alternative to the use of. taxes for protection of the 
environment is the imposition of legally enforced environmental 
standards. In fact taxes and standards have much in common. Taxes 
are merely an instrument for achieving a particular standard, and 
if a polluter violates the standard to which he is subject the fine 
he pays may be seen as a form of tax. Indeed, if standards could 
be set at a level for each firm such that the marginal benefits of 
control equalled the marginal costs, the same optimal situation would 
be achieved as with taxes set equal to the marginal damage functions, 
neglecting information, enforcement and other costs. Even neglecting 
these costs, however, the two methods have different distributional 
implications which may influence their relative efficiencies in a 
dynamic context. In the standards solution,polluters do not pay for 
that pollution which remains after the optimal level of pollution has 
been attained, so , unlike with taxes, there is no incentive for 
them to reduce their pollution beyond this level.
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Z.4 Tàxè-ê ÿs « Standàtds in practice
If one considers the varions costs associated with each 
approach there is no obvioua answer as to which approach will be 
more efficient. For example while it seems likely that the information 
costs for ;the ideal tax solution would be lower than those for the 
ideal standards solution, the costs of monitoring environmental 
discharges would be higher for taxes, where it is necessary .to check 
the precise level of discharge, than for standards, where it is only 
necessary to see if some limit has been passed. On first inspection 
the relative advantages of taxes and standards would seem to depend 
to a far greater extent on the details of the particular situation to 
which they are to be applied than any general characteristics each 
may have.
A closer examination of the way in which taxes and standards 
are likely to operate in practice, however, does yield a clear and 
general case in favour of standards. In practice, for reasons of 
administrative cost and lack of data, it would be impossible to 
tailor either taxes or standards to the particular circumstances of 
each plant. Uniform, or at most, regionally varying taxes or standards 
must be used. Thus, much of the lower information costs advantage of 
taxes will be lost because the information costs for both methods 
will be lower. Moreover^if taxes no longer accurately reflect the 
marginal damage costs the decentralised price system which the use 
of taxes attempts to emulate would operate imperfectly and misallocate 
resources. Apart form this taxes are likely to be a blunter instrument 
than standards because of the problems of predicting the size and 
timing of their effect on pollution and output. In practice some 
iterative procedure would have to be adopted until the right tax 
level is found - but this would require continual and expensive 
readjustment of control facilities which often demand a large capital 
outlay. Related to this is the danger that because adjustment times 
are uncertain, taxes cannot cope with pollution "episodes" - sudden 
crises such as high air pollution concentrations caused by an inversion 
which require immediate response. Because environmental quality so 
often depends on stochastic influences such as wind velocity and 
rainfall which can give rise to sudden and unpredictable crises,
Baumol and Oates (  ^) have proposed that the optimal control system would
comprise of a mixture of taxes with all their efficiency advantages 
and standards as protection against crises, thus obtaining the best of 
both worlds.
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Undoubtedly there are situations where the use of taxes achieves 
a level of environmental quality at less cost than standards. But' 
thes-e are few and far Between (and as a result the few examples there 
are are quoted extensively as evidence in support of the superior 
efficiency of taxes) and all relate to water quality where it is 
easy to identify who the polluters are and what they contribute to 
the overall pollution. Even those taxes which are used are always 
used in conjunction with standards and (contrary to the scheme 
envisaged By Baumol and Oates) set at a level too low to have any 
significant efficiency or incentive effects, being used only for their 
redistributive effects, (  ^ ).
2,5 Taxes and Energy Industry Pollution
When one considers the use of taxes to abate pollution from the 
energy industries their relevance seems even further circumscribed.
First of all with the nationalised energy industries there is the 
whole question of the rationale of using a tax when the polluter 
and the polluted are one and the same (though this ignores possible 
distributional inequalities where those who suffer from the pollution 
are not those who benefit from the polluting activity). However^this 
consideration does not detract from the logic of equating marginal 
social costs to marginal social benefits to achieve an optimal situation, 
so even with a nationalised industry a pollution charge is still 
applicable if this means that the price of its product will more 
accurately reflect its social cost, and one should treat it in no 
way differently from private industry in this respect.
Whether the industry is nationalised or not, taxes are inappropriate 
as a means of abating pollution in the energy industries because of 
the particular nature of most of the pollution caused by the energy 
industries. As will be seen (in Chapters vll - X) it is the very areas in 
which taxes are most commonly applied,and to which they are best 
suited, namely lakes and rivers, that the energy industries least 
affect, as compared with the effects of other industries on these 
media and the effects of the energy industries on other media. The 
problems of taxing the type of pollution to which the energy industries 
predominantly give rise would be formidable. Dealing with a three- 
dimensional airshed is an all together more complex matter than dealing 
with water pollution, Furthermore^most forms of energy industry 
pollution are not competing with other forms of pollution for 
environmental capacity. Oil pollution at sea, or power station SO^  
emissions are both important examples. Therefore one of the major 
advantages of taxes, namely that it is an efficient way of allocating
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the degree of pollution that each firm can cause so as to reach some 
overall level of environmerrbal quality at least cost where many firms 
are contributing to the overall level of pollution, is redundant,
2,6 Externalities in a Second Best World,
Thus, even if externalities are the only blemish on the perfection 
of the market there are many practical obstacles to their internalisation, 
particularly by taxes. If, however y certain other assumptions 
necessary for the economy to be in a Pareto optimal position are 
dropped, the question of what action to take to restore optimality 
when there are externalities present becomes subject to further 
theoretical problems. For example, Baumol and Oates (  ^) show that there 
is no unique optimal solution to the internalisation of externalities 
if production functions are not convex (their convexity being one of 
the necessary conditions for the achievement of Pareto optimality). 
Moreover,such non-convexity of the production functions may itself 
be brought about by the existence of externalities.
If the assumption of optimality in the rest of the economy is 
dropped, the whole question of achieving optimality in the environmental 
sector by equating marginal costs to marginal benefits (or in a sector 
with environmental effects by equating marginal social costs to 
marginal social benefits) becomes subordinate to the question of 
second best, arid the tax solution in particular becomes part of the 
debate over whether prices should equal marginal costs in a second 
best world as they should to achieve optimality in a first best world.
The problem is especially pronounced in a sector as imperfect as the 
energy sector. Is it worth optimising in the energy sector if there 
is sub-optimality in other sectors? Will this bring the economy closer 
to an overall optimum? The theory of second best says we cannot say.
The usual argument is that if a sector is sufficiently isolated from 
other sectors it should be pptimised regardless of the state of the 
rest of the economy. Though it can hardly be argued that the energy 
sector is isolated (although there are strong reasons for treating 
the energy industries together as a,sector) ( 73 ) government policy 
for nationalised industries is that prices should equal long-run 
marginal social costs (330 ) and this is
consistent with internalising the externalities. Moreover, as Mishan 
says "so long as the economist confines himself to estimating the 
costs of some specific project that is technically feasible, he need 
not be too inhibited by the second-best theor*em. For no matter what 
the allocative condition of the economy at large, a Pareto improvement 
is effected if a factor is transferred from its existing employment to
36
the specific project X where Its yalue Is higher or, put more generally, 
if the yalue of the marginal product of the factor to he employed in 
X exceeds- its opportunity cost". ( 6l p 105). 
a.T Compatability of Optimising in the Environmental Sector with Energy 
Industry Pricing'Policies
Accepting that even in a second best world the energy industries 
should pursue a marginal cost pricing policy the question becomes whether 
marginal cost: pricing to achieve optimality in the environmental 
sector is compatible with existing pricing policies in the energy 
industrieso Each energy-related development has different environmental 
effects and different costs of environmental control, so that at the 
optimal position (MC = MB) the marginal costs of control will vary 
considerably between different mines, power stations, or whatever is 
in questiono This variation is likely to be greater within some 
industries than others - for example the environmental effects of coal 
mines and power stations will depend particularly on their location.
The coal industry exhibits an already high degree of price 
differentiation in its product to reflect different properties of the 
coals it. sells (e.g. its thermal characteristics, sulphur and ash 
contents), the different extraction and preparation costs, and the 
different markets to which it is sold (e,g. whether it is competing 
with other fuels or not). ( T7j'. Thus, if all the-environmental costs are 
not already taken into account, it would be no problem to further 
distinguish between coals on the basis of these effects. However, 
to base this distinction on marginal costs is not consistent with 
the normal pricing policy of the National Coal Board, which is based 
on average costs, ( 77 ) though this in itself is not an obstaqle to, 
or argument against, the application of marginal cost pricing as 
far as environmental effects are concerned.
With the electricity industry the situation is the reverse.
The use of marginal cost pricing for environmental costs would be 
consistent with the avowed aims of the C,E,G.B. which are to approach 
marginal cost pricing as closely as possible, but incompatible with 
the C.E.G.B.’s pricing policy as it exists in practice. Though the 
costs of producing electricity vary greatly from station to station 
and with the overall level of demand to which the grid is subjected, 
the need for tariffs to be relatively simple, especially when they 
apply to small customers (to avoid confusing customers and because 
monitoring costs might otherwise be very high) m^eans that actual 
tariffs- can only be expected to reflect marginal costs rather 
imperfectly, and involve considerable averaging over different consumer
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groups and periods of the demand cycle (99 ) •
On first inspection it seems that environmental costs would 
intensify the conflict between the need not to have too great a 
variation in price for a homogeneous product and the goal of having 
a price which reflects marginal costs of production. Base load 
electricity is supplied from the more modern and efficient plant 
which has high capital, but low running costs, and into which 
environmental controls are designed during construction. These plants 
are thus cheaper to operate and cleaner, with lower environmental control 
costs, than the older, less efficient plant, with low capital and 
high running costs, that are used to provide peak load and to which 
more expensive environmental controls must often be added (Gas 
turbines used to meet peak demand are an exception as they cause no 
pollution).
Further consideration, however, suggests that the existing 
complexity of the electricity industry pricing policy would make 
it very difficult to predict any general effect the costs of environmental 
control would have on this policy, quite apart from the difficulties 
of generalising about pollution when the degree to which the effect’of 
pollutants varies between stations itself varies for different 
pollutants.
As far as the oil industry active in the North Sea is concerned 
the price of oil is exogenously imposed by OPEC, Therefore, although 
the industry may at first appear to be an oligopoly, it is in fact a 
price-taker and, as in perfect competition, will maximise profits by 
adjusting output to the level where the costs of production equal the 
price of the oil. Thus within a national framework the price of 
oil equals its marginal costs and the Pigovian tax solution would 
bring the economy closer to an overall optimum in the presence of 
externalities. In a global perspective however, the price of oil 
is set by a monopolist and does not equal marginal costs, so not 
only is the Pigovian tax solution redundant but output from the North 
sea is higher than it would be in a perfectly competitive world and thus 
resources are not optimally allocated.
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So General Equilibrium Approaches, Inpüt-Oiitpüt, and Macroeconomic Effects 6f Pollution Controlo
Some economists contend that, due to the size and pervasiveness 
of externalities, a partial approach is inappropriate and general 
equilibrium analysis should be used. Thus Kneese, Ayres and d'Arge( 5^ ) 
show how one crude estimate of the costs of environmental pollution 
dwarfs estimates of the welfare costs of monopoly, another well known 
misallocation of resources, and maintain that externalities are the 
rule rather than the exception, (This contrasts strongly with the 
attitude of Little and Mirrless who in their Manual of Industrial 
Project Analysis in Developing Countries ( 50 ) ignore externalities on 
the grounds that they would seldom make a significant difference to 
their cost-benefit analysis,) Similar considerations, coupled with 
fears about resource depletion, have led to an increased realisation 
that the world has only a limited capacity to supply natural 
resources and assimilate residuals, and this in turn has prompted 
economists to build macroeconomic models which represent the world 
as a closed system rather than as an open one as had previously been 
the fashion. Such models emphasise that, in accordance with the 
law of conservation of matter, all inputs taken from the environment 
must sooner or later and in one form or.another, be returned to the 
environment. This "Materials Balance" approach was combined with a 
general equilibrium model (based on the Walras-Cassel model) by 
Kneese et al ( U5 ) , who, making certain assumptions, were able tor.defive 
from it "explicit environmental taxes on firms and for consumers so 
that the economy in principle would operate efficiently and Paretian 
optimal conditions would be met in every sector',’(U5, P1^2)^bou§b the authors 
themselves acknowledge the unrealistic nature of their assumptions 
and that the formidable data problems of all, and in particular their, '
general equilibrium models make impossible the practical derivation of 
the environmental taxes, much theoretical work has been based on 
their original approach, ( U j 55 ) •
One way of circumventing the data problems of the general 
equilibrium approach is to use an input-output approach, which is a 
simplification of the Walras general-equilibrium model. Accordingly 
several input-output models which accommodate the materials balance 
principle by incorporating environmental sectors have been developed 
(152,153,190) and the first empirical study using such a model was 
performed by Victor in 1972 ( 97 ). Such models may be used to predict 
the impact on the environment of the production and consumption that is 
implied in meeting a specified pattern of final demand and could in theory
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be used to derive the taxes or subsidies which should be attached 
to each commodity to internalise the externalities to which it gives 
rise throughout the economic system, ( 96 ), Moreover, given a measure 
of the costs of pollution certain of the models could be used to 
establish a linear programming model which minimises the écologie 
costs of industry outputs subject to constraints on the supply of 
economic commodities and final demand,( 96). The great significance of
these Input-Output models with respect to looking at the environmental 
effects of an industry in a fully consistent and legitimate way will 
be dealt with later, after some of the errors in more conventional 
approaches have been enumerated.
However, although such models are a necessary first step in 
formulating an environmental policy, unless the environmental effects 
of the pattern of final demand under consideration can be evaluated 
the appropriate environmental policy cannot be determined any more 
than can be the taxes which would yield a Pareto-optimal general 
equilibrium solution in the presence of externalities. However, 
it would still be a useful exercise to attach arbitrary weights to 
the different environmental impacts, formulate some sort of objective 
function which relates industrial activity to economic and environ­
mental costs and then do a linear programming exercise which tests 
the sensitivity of the optimal solution to variations in these 
weights, ( 96 ).
Although input-output models are limited by lack of data on 
environmental effects as far as determining what environmental 
policy should be persued is concerned, since data on the costs of 
pollution control, though far from perfect, is much better than 
that on the costs of pollution damages, the models can be used to 
determine the effects on prices of pollution control policies,
(Indeed environmental control costs have been included in the 
Central Statistical Office’s input-output tables since 1970), (298)
Thus Leontief incorporated a pollution abatement sector in his input- 
output model which allowed him to estimate the price of eliminating 
a unit of pollution given any specified pattern of final demand (199). 
Using this model Leontief and Ford conducted an empirical study into 
the effects in the U,S, of different patterns of final demand and 
control strategies on the environment, and the effect of the control 
strategies on prices, (200 ).
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The model could also be used to compare in more detail the economic 
effects of alternative anti-pollution policies; for example taxes 
versus standards; and if taxes, which kind - effluent taxes (related 
to the amount of pollutant emitted), output taxes (related to the 
output of the polluting industry), final sales taxes (the environmental 
equivalent of v.a.t) and so on. In, this way the model could form 
the basis of a cost-effective approach. Indeed, work along these lines, 
inspired by and further developing Leontief*s model, has been done, but not 
to the author’s knowledge, published, by P D Saddler and P G Lowe 
from the University of North Wales and Mathur from the University of 
Aberystwyth, for the UK. (2) Mathur looks at the effects of different 
levels of pollution control on the total costs of producing national 
output and on prices in different sectors (public, private, import, 
export), industries and commodities, concluding that none of these 
effects are significant. Saddler and Lowe place Leontief’s model 
in a broader context, by allowing a linear programming objective 
function to choose between production techniques and abatement 
activities when pollution standards are imposed. In this way they 
lay the theoretical framework within which the opportunity costs, 
the output responses and the direct and indirect price effects of 
changing the level of pollution control and the consequences of 
different pricing structures, including effluent, output and sales 
taxes, can be examined. I have not seen the results of the study, only 
the proposed methodology.
Leontief did not make his model conform to the materials balance 
principle, considering only the flow of materials from the economy to 
the environment (ie a waste sector) and not the flow from the environment 
to the economy. Though Victor criticised him for this omission (96) I 
do not see it as a serious failing since the model is still capable of 
deriving more useful information than any of the other materials balance 
ones.
If one looks for actual evidence of the effects of pollution 
abatement policies on any economy, it is difficult to find any. On a 
microeconomic level with one or two exceptions, pollution control 
expenditure does not appear to constitute a large proportion of firms 
expenditure, though the subject is spawning an ever-increasing volume of 
theoretical literature. In the UK, it is difficult to ascertain exactly 
how much companies are spending on pollution control from published sources
(though the Department of the Environment is working on this at the moment). 
For example, in its fifth report, issued in 1976, the Royal Commission on 
Environmental Pollution was quoting pollution control costs given originally 
in the Alkali Inspectors Report of 1968 and shown below (289, 321).
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TABLE III.1
COST OF AIR POLLUTION CONTROL FOR SCHEDULED PROCESSES
1958 - 1968
Figures in £ millions
Works Capital ResearchandDevelopment
10-Year 
Working Costs
Latest Year’s Working Costs
1 . Electricity 73.731 0.856 126.691 15.300
2. Cement 6.216 0.301 6.442 1.000
3. Petroleum 6.822 0.536 11.667 1.788
k. Gas 2.839 - 4.474 0.350
5. Coke Ovens 2.909 0.242 6.126 0.710
6. Lime 0.976 0.004 0.707 0.118
7. Ceramics 2.090 0.163 3.011 0.382
8. Ironand Steel 26.430 1.235 93.351 10.364
9. Non-FerrousMetals 5.762 0. 656 16.449 2.262
10. Chemical 20.527 0.952 55.516 6.782
TOTALS 150.302 4.945 324.434 39.056
Source; 106th Annual Report on Alkali, etc. Works; HMSO I969
However, a recent study of small and medium sized English 
companies revealed that pollution control only accounted for a few per 
cent of total costs ( 2 )• The total capital, R and D and working
costs of air pollution control for scheduled processes for the period 
1958-1968 given in the above table (£U80m) represent less than 0.002% 
of total GNP over the same period. On a macroeconomic level despite 
the fact that many countries are spending an increasing proportion 
of their GNP on environmental protection there is no evidence that 
this is having an adverse effect on economic growth, employment or 
prices. In an OECD study ( 357) the total increase in pollution 
control spending between 1971 and 1975 was around 1% of GNP for the 
countries studied, (Japan being an important exception at something 
like 4%); rising to 1 to 2% for the US, Italy and the Netherlands in 
the second half of the decade. As far as total expenditure on
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environmental pollution is concerned US manufacturers put 9.3% 
of their capital expenditure into reducing air, water and solid 
waste pollution in 1975, and Sweden put 5% of its total industrial 
investment into environmental protection in the five year period 
from 1969-1974 (409 ). Though it would he impossible to demonstrate 
empirically any relationship between expenditure on the environment 
and the macroeconomic variables, when these variables are dependent 
on so many factors, theoretical studies reveal no adverse effects.
Thus tentative studies by the US Council on Environmental Quality 
indicate that an effective system of residuals taxes would slow 
down the US economy by 0.3% annually for the first four years 
following implementation, but only 0.1% subsequently, while the 
consumer price index and unemployment would rise by only 0.2% annually 
( 365) . European economists generally agree that a system of 
residuals charges would have a relatively minor effect on growth, 
employment and inflation, and within five years any adverse effects 
would not be noticeable. However, they stress their findings are 
speculative (357 )• Thus whether from a micro or macro-economic 
viewpoint, theoretical considerations about such things as the effect 
of pollution control expenditure on the convexity of the production 
function would appear to be of little relevance in view of the actual 
small size of the control costs. In both the micro and macro context 
it appears that the timing of pollution control expenditure is far 
more important than its size, and suitable phasing of pollution control 
measures so as to avoid undue bunching will minimise the impact.
However, although environmental policy may not influence a 
country's economic performance, the reverse effect - namely the 
current economic climate influencing environmental policy - is 
evident, especially in the short term. This has been apparent with 
the world recession of recent years. Although the OECD claimed that 
there had been little compromise of environmental objectives caused 
by the recession (256 ), in the UK there were at the time calls from 
the Alkali Inspectorate - a body supposed to protect the environment - 
to undergo a 'temporary deterioration in the quality of the environment (293), 
despite the recommendation of the Royal Commission on Environmental 
Pollution that under no circumstances should such a deterioration 
be allowed (320). Moreover, many parts of the Control of Pollution Act 
1974 were shelved due to lack of funds (299) and are only now being.' 
implemented, and the work of the local authority Environmental Health 
Officers was adversely affected by cuts in local government spending (380).
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Although there may he no visible effects on growth, employment 
and prices of increasing environmental expenditure, such expenditure 
is indicative of a change in the nature of economic objectives. All 
the major political parties still advocate growth as a solution to 
economic problems, but the growth they advocate is itself undergoing 
a transformation. Less and less are indices such as GNP seen to be 
representative of the true quality of life, and more and more are 
factors such as the quality of the environment and the amount of 
leisure time at peoples’ disposal being considered ( io4 ). Consider­
ation of such aspects as GNP and the quality of life enters into the 
realms of social welfare functions and so brings us back full circle 
to the basics of welfare economics and Paretian theories. In order 
to distinguish the optimum optimorum from the infinite number of 
Pareto optimal situations corresponding to different distributional 
situations it is necessary to predicate the existence of that purely 
hypothetical construct, the social welfare function. But evidentally 
today any overall social welfare function would include many 
variables which would not have been considered relevant when 
controverts over what form the social welfare function should take, 
or whether one coulk even exist, were first taking place.
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4. Cost-Benefit Analysis
4.1 Introduction
Whether one looks at pollution within a partial, or general 
equilibrium, framework, or from a macro- or micro-economic viewpoint, 
one inevitably comes up against the problems of evaluating the 
effects of the pollution as the limiting constraint in testing the 
theory, or translating it into practice. Indeed the economic 
literature can fairly be accused of concentrating far too much on 
how an optimal solution shouldbe achieved, and too little on what 
that optimum should be (although, of course, there is a relationship 
between the two since the amount of resources devoted to achieving 
the optimal position will itself influence that optimum).
Such a problem may be resolved with the aid of the tools of 
cost-benefit analyses (CBA), an applied form of neo-classical 
welfare economics. Like the welfare economics from which it derives 
CBA is itself the subject of much controversy. Some of this 
controversy is a direct result of its parentage, reflecting disputes 
on the foundations of welfare economics which has < been criticised 
extensively for both the assumptions upon which it is based ( 63 , 8l ) 
and, even accepting these assumptions, for its internal consistency 
(102, 136). For example how valid are the Paretian premises upon 
which welfare economics and indeed virtually all economics, is built, 
and a modified form of which is used in CBA, when they do not 
accommodate distributional considerations? Other areas of contention 
arise more from the specific nature of CBA, Should CBA be conducted 
within a partial or general framework? A partial approach is usually 
taken, although even Harberger ( I8I), one of the greatest advocates 
of conventional CBA, would welcome a more general approach if the many 
problems which usually inhibit it could be overcome. What weights, if 
any, should be attached to different costs and benefits so as to allow 
for distributional effects? What discount rate should be used? When 
CBA is applied to environmental issues further problems and 
controversies are raised and will be reviewed later in this chapter.
4.2 Basic Theory of Cost-Benefit Analysis
4.2.1 The Measurement of Costs and Benefits: Consumer's Surplus
and Willingness to Pay.
CBA seeks to extend the relevance of the Pareto Principle to
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situations where there are losers as well as gainers by invoking 
the compensation test, according to which a project is worth carrying 
out if the gainers could compensate the loserso This can be translated 
into a decision rule which requires that the discounted benefits 
accruing from a project exceed the discounted costs, or, if the 
internal rate of return criterion is used, that the project yields 
some suitable rate of return (20 ).
The measurement of costs and benefits in cost-benefit analysis 
may be approached in either of two ways» One may look at the changes 
in consumer's and producer's surpluses (and various rents) brought 
about by price changes in which the project under scrutiny will 
result, A price fall from to will add P^P^BC to the original 
cunsumer's surplus of AP^B,
Fig III.U
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The changes in these surpluses purport to be measures of the actual 
gains and losses in the welfare experienced by individuals whose 
situations are altered by the economic event. The benefit will be 
the increase in consumer's surplus and the cost the decrease in 
producers surplus.
Alternatively one can look at the value of changes in the 
quantities of inputs and outputs generated by the project. Here 
the benefit is the change in the total willingness to pay (WTP) 
for the good, which referring to Fig. increases from OABQ^
to OACQ^> and the cost is the opportunity costs of investment in 
the project, given by the total loss of willingness to pay for the
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,20,foregone project.(102).Total willingness to pay for a good equals 
the consumers surplus, plus the purchase price multiplied by the 
amount purchased. In a perfect world the ruling market price is an 
approximate indication of the WTP per unit of output, or the marginal 
WTP at the equilibrium price. Whereas the measure of consumers' 
surplus developed originally by Dupuit ( 5T ) .^nd refined by Marshall (I62) 
assumes a constant marginal utility of income, Hicks relaxed this 
assumption and developed four distinct measures of consumers' surplus (185)
Of these only two are important as far as the theory of environmental 
damage functions is concerned, and only one from a practical viewpoint.
The compensation variation (CV) is the compensation necessary 
following some economic change to maintain an individual  ^welfare 
at its original level. The equivalent variation (EV) is a measure of 
the money transfer which, in the absence of the change, affords the 
individual an exactly equivalent change in his welfare. If the change 
is beneficial the CV is the maximum amount of money a person would 
pay to secure it, and the EV is the minimum amount he would accept 
to forego it. If the reverse detrimental change is considered the CV 
is the minimum compensation he would accept to suffer it and would 
equal the EV in the former case, and the EV is the maximum he would 
pay to avoid it and equals the former CV,
The two measures are different because they have different 
income effects, and the reason they have different income effects 
is because the CV takes the initial situation and income distribution 
as the basis for comparison while the EV uses the final one. This 
raises a major problem in actually determining what either the CV 
or EV is, let alone distinguishing between them in practice, for 
each requires for its estimation the calculation of a demand curve 
compensated for the appropriate income effect and D^y - a 
usually impossible task, (358) To find the CV, for example, one would need
to know the demand curve which shows the quantity demanded at each
price if income is adjusted by a compensating variation so as to
leave the consumer always on his initial indifference curve. Thus
it is often the simple Marshallian measure of consumers' surplus,
derived from the uncompensated demand curve D^ , which must be used,(See Fig III
(Indeed there may be problems enough in finding this demand curve).
Even if both CV and EV could be accurately measured it has been widely 
argued that only the use of the CV's is necessary for the cost-benefit 
analysis decision rule ( 61) (which would then become ^ CV > 0).
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However, although difficult, the distinction between CV and EV
is sometimes possible in practice (358), and quite apart from that it does
have important theoretical consequences» As will be seen later (in Gh IV). 
it helps explain how the optimal solution can depend on the
state of the lawo It also helps explain some of the complications of the
CBA decision rule, particularly the ’’Scitovsky paradox", which shows 
that there may be cases where, due to the difference between the CV 
and EV, both the losers could bribe the gainers to forego a change 
and the gainers could compensate the losers if that change came about, 
so whatever happens the compensation test is satisfied ( 259. This may 
arise where the gainers CV's are less than the losers CV's and the 
gainers EV's are greater than the losers EV's(TO ). In order to circumvent 
this difficulty Scitovsky suggested the simple compensation test 
(originally formulated by Hicks and Kaldor) be modified so that it 
is only satisfied if the ranking of two economic positions is 
independent of which of the two is used as a base for comparison,
4*2.2 The Scitovsky Paradox and Distributional Aspects
The Scitovsky problem arises because of a fundamental problem 
in CBA - namely that compensation does not have to be paid. One 
only has to be satisfied that if it were paid the situation would 
be a Pareto improvement. Another way of looking at the Scitovsky 
paradox is that a change might be desirable when valued at the 
relative prices pertaining to the existing distribution of income, 
but undesirable when valued at the new set of prices that emerge from 
the new distribution of income resulting from the policy change. In 
other words the paradox arises because the compensation test neglects 
distributional aspects. In the absence of the actual payment of
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compensation the four Hicksian measures of consumers surplus are 
inappropriate, for each depends on the assumption that the individual 
is kept on one indifference curve (by the making of necessary payments) 
and hence income effects which would influence the value of the change 
in consumer's surplus are completely excluded. Actual payment would 
return people to their original income distribution so no value 
judgements are needed, and inter-personal comparisons are avoided.
Hence the economist can never say whether it is better or not to 
actually pay compensation since this itself involves a judgement on 
income distributions.
Broadway has shown that, even accepting compensation tests 
are valid, a positive sum of CV's does not necessarily imply 
satisfaction of these tests. There is no justification for ignoring 
distributional effects and compensation tests are simply unworkable.( 131) 
Samuelson has tried to get round the problem by taking an extreme 
and unworkable generalisation of the Hicks-Kaldor-Scitovsky compensation 
test which requires that the test be satisfied for every conceivable 
distribution (254 ).
In practice what is usually done is that a weak relationship 
is presumed to exist between distributional changes and changes 
in relative prices, and the above-mentioned theoretical problems 
ignored, and the simple rules adhered to,
4.2.3 ■ Shadow Prices
According to Arrow and Scitovsky "the treacherous, many- 
faceted nature of consumer's surplus has often been exposed, but the 
need for its services seems great enough to overcome scruples about 
its unreliability" ( 1 )p 385). However in practice difficulties over 
measurement have induced some cost-benefit analysts, to dispense altogether with 
attempts to measure consumers'surplus on the grounds of impracticability(69 )• 
It is difficult enough to estimate the whole demand curve, knowledge 
of which is essential in order to calculate consumer's surplus and 
changes in that surplus. However^quite apart from situations where 
the price of a good is known but the demand for it at different 
prices is not, much of cost-benefit analysis, especially social 
CBA, is devoted to calculating the shadow price of an input or 
output where its market price is an inadequate reflection of its true 
social value. This discrepancy between market and social values 
may arise because of market distortions, such as externalities or 
monopoly; or it may be because a good is not marketed in the first
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place and hence is unpriced although it has a positive shadow price, 
as with the environment where its free use for one purpose may inflict 
costs on others and pre-empt its use for another purpose. In fact 
the existence of externalities and unpriced intangible goods and effects 
provides much of the raison d'etre for CBA,
4o3 Environmental Gost-Benefit Analysis
4.3.1 MonétarisationI Pecuniary'and Nôn-pécùniary Costs
Whether one is adjusting the price of some good so as to 
accommodate the effects of the pollution to which it gives rise 
(i.e. finding its shadow price) - input-output can in theory 
be used to accomplish this- evaluating the environmental effects 
(costs and benefits) of some project or performing a CBA on a pollution 
control project, a prerequisite is a knowledge of the costs of the 
environmental effects with which one is dealing. In order to be 
comparable with the other costs and benefits involved these costs 
and benefits must be expressed in the same unit - i.e. money.
The effects of pollution can be divided into two categories :
pecuniary and non-pecuniary. Pecuniary or financial losses can be 
defined as changes in the level of expenditure resulting from 
environmental quality changes; increased laundry bills due to air 
pollution, the value of crops destroyed, productivity losses from 
accelerated mortality, the increased cost of hospital care, etc. 
Surrogate prices may be implicit in the behaviour of economic agents. 
Such costs may be estimated if sufficient data is available. However, 
as Pearce has shown for the effect of noise on property values ( 239) 
there are many problems with such analyses. It is difficult to know 
how fully reflected the externality is in the observed changes, and 
often no clear answer can be obtained. Nevertheless such estimates 
provide a lower bound to the value of the many effects a pollutant 
might have. More difficult still is the assessment in monetary
terms of the non-pecuniary costs, variously called the social, psychic
or amenity costs, which so often accompany the pecuniary one. In 
the example of accelerated mortality these would be the costs of 
suffering, bereavement and limitation imposed on the individuals 
affected, their families and their society. Alternatively it might 
be the value of a beautiful landscape which is threatened with
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destruction (though in this case some surrogate price may be derived 
from the amounts people pay to travel to see it),
4.3.2 Evaluating Non-pecUniary Effects Using WTP criteria
There is nothing wrong in principle in attaching monetary 
values to these non-pecuniary, intangible effects. However, there 
may be subtle dangers in so doing. The first danger is that attributing 
monetary values to interference with the environment often involves 
viewing nature purely as a servant of man. What is its value to me?
This is not to say, however, that there are not many examples of genuine 
feeling for the environment, and decisions taken for which no purely 
monetary justification can be given. In the U,K, the concept of 
conservation has been extended to include the prob ection of inanimate 
features such as geological exposures and geomorphological formations.
And in the U.S. it has even been argued that legal rights should be 
conferred upon natural objects, ( 91) thus returning to an almost mystical 
world view. Another danger of trying to quantify so-called "fragile" 
values is that this exerts "an enormous reductionist pressure on all 
values that would otherwise seem incommensurable with the calculus 
of human wants". ( 2T2)p ?4) In other words the very translation of the values 
into manageable units may deprive them of their significance.
Such problems, however, pale into insignificance when set 
against those of actually deriving the monetary estimates to which one 
can subsequently object on philosophical grounds. There are several 
alternative approaches to obtaining monetary estimates of non- 
pecuniary effects. The usual way of eliciting the values is to 
ask people affected by some environmental change how much they 
would require for compensation - that is get their willingness to 
pay (WTP) If a non-existing good (such as environmental quality) 
is brought into existence and is free the benefits from its introduction 
will equal the change in consumer’s surplus, which, for . a free 
(i.e. zero price) good equals the total willingness to pay. But 
WTP approaches have many pit-falls. People may be tempted to overstate 
or understate their preferences depending on what they think the 
purpose and likely outcome of the survey conducted. The result will 
depend also on the type of survey conducted, for example the way 
in which the questions are formulated (9&, 132, l66).
51
4,3.3 Problems with WTP for Environmental Benefits
4,3.3.1 Lack of Knowledge
These problems are common to all WTP approaches. Certain others 
apply more specifically to WTP estimations of environmental effects.
The whole concept of WTP assumes the tradition of consumer sovereignty. 
However, in few areas is the validity of this assumption as 
questionable as it is in the environmental field.
Firstly the effects for which one is trying to find a monetary 
estimate may simply not be known. Assessment of the effects may 
lie beyond the capabilities of current science. Many pollutants 
occur naturally, and up to a certain concentration are beneficial, 
or essential, to the environment. Extensive background (or baseline) 
data must be collected before the effects of anthropogenic influences 
can be gauged. These anthropogenic influences may be highly site-and 
time-specific, and may combine to exhibit synergistic effects. Because 
there are practical and ethical limitations to the amount that condit­
ions in the field may be varied, and because laboratory experiments, 
which are under controlled conditions, are of limited relevance to 
the outside environment, very few damage functions exist, and most 
of the effects of pollutants are known only at discrete levels. With 
risks - low probability occurrences as opposed to routine pollution- . 
there is the added difficulty of simulating human action and errors, 
often logical in themselves but illogical in a broader context, which 
so often play a part in accidents. Thus the knowledge of the marginal 
damage function which the basic economic theory of how to locate an 
optimal degree of pollution presupposes, does simply not usually 
exist. The lack of information on environmental effects leaves a 
great deal of scope for disagreement between different scientific 
communities, and for variations in the ways which different decision 
makers choose to interpret the data available to them. The less the 
information the greater the potential influence of political and 
other non-scientific considerations.
Examples of scientific disagreements in the environmental 
field between different countries abound. The U.S, and the U.K. 
adopt radically different approaches to the assessment of carcinogenic
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risk, as evidenced by the existence of many substances banned in
the US but not in the UK. The US considers that animal carcinogens158must be deemed human carcinogens (ggg*)) and that there is no 
threshold level below which a carcinogen is safe, so complete 
banning is the only answer, whereas UK scientists disagree on bothit4counts (gQg')' The UK Health and Safety Executive is unlikely to 
ban substances simply because they are carcinogenic. The activity 
of the carcinogen, its use in industry and its manufacturing process 
will be considered before resorting to a banning order ( 183). Sweden 
and the US have banned the use of chlorofluorocarbons because they 
might deplete the ozone layer, on the basis of evidence which the UK, 
Germany and France feel inadequate justification for action (159 ,371 ).
In many cases it would appear that the perceived risk is a function 
of both the past environmental experiences of a country (for example 
Japan is very sensitive to environmental threats after her experience 
with the atomic bomb, and mercury and cadmium pollution, and spends 
a higher proportion of GNP on pollution control than any other 
country (357 )) and the general standard of living of the country 
(which would account for the US's and Sweden's sensitivity, and the 
lack of concern in some developing countries (111 ) some of which 
are being exploited by the developed countries for this very reason 
( 221). The influence of politics upon an area of scientific controversy 
can clearly be seen in the North Sea where Norway, to whose economy 
North Sea Oil is not as vital as to the UK's, claim'that the environmental 
effects of both the spilt oil and the dispersants which the UK, but not 
Norway, relies upon to clear the oil, are worse than the UK will admit 
(see Chapter VIII). Apart from scientific, political and economic 
differences, these controversies may‘reflect a fundamentally different 
philosophical attitude towards determining the acceptability of risks.
For example in the US "the Environmental Protection Agency takes the 
view that exposures to radioactivity from power stations are planned 
and avoidable, so should be assessed in terms of the increase in risk 
entailed by a given discharge over the existing cancer risk from 
natural radioactivity and other sources." In the UK on the other
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hand the "authorities spend a great deal of time stressing the 
insignificance of particular doses when compared to the natural 
background, or to other risks in society such as car driving, rock- 
climbing or wine-drinking" ( 282 ).
4.3.3.2. Subjectivity
Assuming that the facts are not in dispute there is still a 
great deal of scope for disagreement on how these facts should be 
reacted to. The subjective, and often irrational, way in which 
people react to a threat to themselves or the environment is well 
illustrated by the various responses to different risks to human 
health implicit in society’s behaviour. People are prepared to 
accept far higher risks voluntarily than those which are imposed 
upon them ( 8T ). The acceptability of a risk varies 
dramatically with the number of people at risk in that there is 
much greater concern about a single event involving a large number 
of deaths than separate events involving the same number of deaths.
The type of death influences how acceptable it is. Certain kinds 
of dread deaths, such as radiation-induced cancers, provoke a 
particularly emotional response. Public reaction depends also on 
whether the effects are immediate or delayed, and reversible or not. 
Another factor which influences the effort devoted to reducing a 
risk is the degree of uncertainty about the risk - fear of the 
unknown. If there is doubt about the likelihood or potential 
consequences of a risk the worst is often assumed and provides 
the basis for action. Moreover^any new cause of death is a cause 
of special concern, while many older, high-risk technologies are 
readily accepted because they are familiar, or even viewed with 
affection. It is necessary to include the costs of public confidence 
in any risk-benefit analysis as an extra cost which must be incurred. 
Finally, no matter how much confidence can be attached to the 
probability that some event will occur, the actual occurrence 
of that event will radically alter the lengths to which society 
is prepared to go in order to prevent its recurrence. For example, 
although the Department of the Environment's Central Unit on 
Environmental Pollution predicted a 50 per cent probability that a 
blowout would occur in the North Sea before 1981, it was only its 
actual occurence at Ekofisk on 22 April 1977 that moved the Government 
to improve counter measures.
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To some extent it is these many influences, coupled with the 
widely varying costs of control of risks in different industries, 
that lead to the vast differences in the amounts that different 
industries are prepared, or required, to spend on preventive measures. 
According to one study conducted in 1972*, in agriculture an average 
of £10;000 was spent a year to save a worker's life, in the steel 
industry £230,000, in the nuclear industry El’-million and in the, 
pharmaceuticals industry £10,5 million. On the whole the newer 
industries spent more than the older ones.
However such variations are also a result of the fact that expenditure
to protect human life in different industries tends to be a function
of the overall number of employees and the capital intensity of the industry,
Moreover such comparisons make no allowance for the cumulative
effect of past measures - considerable in the case of steel, for
example, but small for pharmaceuticals,
4.3.4. The Rate of Discount and Environmental Effects
Lack of information and the large subjective element in 
interpreting that which does exist are not arguments per se against 
the willingness to pay criterion. Who is to say when a person is 
no longer qualified to judge the factors which affect him? A more 
convincing argument against the use of WTP criteria and the implicit 
acceptance of consumer sovereignty in environmental matters is 
that they neglect two major groups of people: those who are not
directly involved but who would still have a high demand for 
environmental quality, and those who comprise future generations ( ).
The preferences of the former group are not considered in the CBA. The 
preferences of the latter cannot be. Therefore even wrth perfect perception 
and knowledge of the environment and exchange values WTP would only 
be a partial measure. The irreversible nature of some environmental 
impacts would create adverse circumstances for both non-residents and 
future residents of the area affected.
The irreversible nature of some environmental effects (e.g 
destruction of a beautiful landscape) has led some economists to 
call for a special approach to discount rates in such situations.
For most cases involving reversible environmental effects and 
durable pollution abatement equipment the choice of discount rate
*See Innovation and Risk; Sinclair, C, Marstrand, P and Newick, P.
Science Policy Research Unit,University of Sussex, published by the Centre for the Study of Industrial Innovation 1972,
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faces the same problems as in any other public investment decision 
(i.e. what should be the social time preference rate?), and the 
standard theory of investment decisions can be applied. But even here 
it has been realised that the use of a single discount rate for 
cost and benefit streams of varying characters and different time 
horizons is not justified ( 36 ) and there have been calls for different 
discount rates to reflect the varying social time preference functions 
for different objectives. This seems even more appropriate for 
irreversible effects: a lower discount rate should be adopted for
the benefits of conservation projects and the costs of irreversible 
effects.
The issue of discount rates•is closely allied to that of 
uncertainty, a feature characteristic of nearly all environmental 
estimates and which is sometimes accommodate by making appropriate 
adjustments to the discount rate. If, as is usual in CBA, the 
uncertain variables are replaced by their expectations this will 
yield biased results when the individuals concerned are risk-averters 
(as is usually the case with environmental effects)(358). But even if 
all concerned are risk-neutral, it has been shown by Henry and by 
Arrow and Fisher , l84) that when a project involves irreversible changes
replacing a random variable by its expectation will very likely imply 
a bias in favour of accepting the irreversible change. This is a 
further argument in favour of having a special discount rate where 
there are irreversible or very long term effects, if uncertainty is 
also present. In practice, however, if it is difficult to get a 
single-point estimate of some environmental effect, it is likely to be 
even more difficult to obtain information on the probability 
distribution of an uncertain effect, upon which estimation of the 
expected value of that effect depends .
4.3.5. Alternatives to WTP and CBA
Because of the problems of determining WTP and the doubts 
over its validity (seeing how questionable are the consumer sovereignty 
assumptions upon which it is based) it is tempting to say that 
decisions involving environmental matters where these doubts and 
problems are pertinent should be left to experts - people more 
qualified to evaluate the costs and benefits than those affected by 
them. But then one is in danger of creating misleading social
56
indicators which reflect the experts’ (or government’s) paternalistic 
views of how people should behave. Then again, the idea of consumer 
sovereignty could accommodate a situation where those affected wish 
for the State to make decisions on their behalf and assume that this 
is in their own best interests.
Alternatively, instead of obtaining lower-bound estimates of 
non-pecuniary effects from the economic repercussions of these effects 
once they have taken place, such estimates may be derived from the 
values implicit in any preventative measures taken to avoid these 
effects. For example measures taken to avoid traffic accidents reveal 
an implicit value of human life. The difficulty of such approaches is 
that different avoidance measures give different values, and these 
values may be composed of a very complex mixture of considerations, as 
shown earlier.
More:'explicit values may be obtained from judicial decisions on 
litigations. But here again the amounts will depend on the situation. 
And in this case one is merely substituting the judge for the expert. 
There may, anyway, be no relevant legal experience.
Willingness to pay criteria are by no means completely useless. 
There are several examples of their successful application - mainly 
to estimating recreational benefits such as accrue from the abatement 
of pollution on a lake where more fishing and sailing can subsequently 
take place. And, as with many maligned economic techniques, there 
may be no other way of achieving precisely the same objective of 
eliciting peoples preferences in many cases.
Nevertheless^  in most cases the complete CBA is far from attainable 
and some form of multi-dimensional analysis has to be performed, 
where CBA serves the function of reducing as much as possible to 
monetary terms, and identifying what can’t be evaluated. As Bohm 
says "although it might seen, that CBA has failed in such cases, it 
should be observed that the decision problem has been simplified 
by the CB approach and by the consequent reduction of the original 
multi-dimensionality of the problem. Furthermore, it
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is now possible to conceive the order of magnitude of the intangible 
effects that would be implied by a yes or a no to the project 
proposal. For instance, if a project with negative intangibles and 
with positive net benefits of the other project effects were to be 
refuted this would imply that the intangible effects were considered 
to be worth as least as much as these net benefits" ( 10 p 117).
There may be a temptation in such multi-dimensional approaches 
to emphasise that which can be measured or expressed in monetary 
terms at the expense of that which can’t. In the U.K. however, there 
are many examples of planning permissions being refused because 
unquantified values were deemed to carry greater weight than quantified 
ones. In looking for the site for the third London airport the 
Government attributed its choice of Foulness to unquantified 
environmental (in that case noise pollution) grounds which it 
saw as outweighing the evaluated superiority of the three alternative 
sites ( 158 ).
4.3.6. The Distribution of Risks
Not only may intangibles play a major part in influencing 
social CBA decisions, but so may the distributional consequences.
In any society some people accept risks for the benefit of others, 
and local sacrifices are made for national gain. However^  there may 
come a point at which it is deemed that the costs are concentrated 
upon too few people and that the distributional imbalance between 
the costs and benefits is too great. For this reason, in looking 
at how to allocate resources between competing environmental ends, 
an overall optimisation may not be appropriate. Because the costs 
of control of pollution and risks vary enormously from industry to 
industry such an overall optimisation to minimise the total level 
of externalities could lead to those working in industries with high 
costs of control having to accept far greater risks than those in, 
or near, industries with low costs of control, unless some explicit 
factor which reflects such a concentration of risk is included in 
the costs. There must therefore be some upper limit to the amount 
of risk accepted, a limit which is a function only of the consequences 
of the externality and independent of the costs of achieving a 
desired level of control, even if that level can only be realised, 
by closing down the plant or industry. Below this limit of acceptability
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decisions on the allocation of resources between competing needs, and 
whether a risk is acceptable or not, would be best made by conventional 
CBA and optimisation proceedures. The costs of control enter into 
the calculation, and the greater the benefits of an industry, the 
more risks society is prepared to accept. In the case of threats 
to public and worker health such a constrained CBA is equivalent 
to attributing an infinite value to life above a certain risk limit 
and a finite, though in practice indeterminate, value below it..
The principle of an upper limit to acceptability of risks to 
human health has been incorporated into the legislation: the 1974
Health and Safety at Work Act empowers inspectors to prohibit the 
operation of a plant if there is a risk of serious personal injury (s.2 2 ).
But it is difficult to identify the point at which risks become 
unacceptable in practice. Using the fatal accident frequency rate 
as a measure of risk, Kletz identified an average risk to people 
exposed involuntarily to that risk of one in ten million per person 
per year as a limit below which resources should not be allocated 
to the reduction of that risk ( 195 ) • -But the index' he used is very 
restrictive, neglecting deaths from causes other than accidents, 
such as disease, and all lesser health impacts than death.
4.3.7. Fragile Values and the Decision tfeking Process
The greater the number of considerations in a decision that 
defy quantification, whether due to lack of knowledge or the inherently 
subjective nature of the considerations, the more important becomes 
the actual process of decision-making itself. When decisions 
involve competing values they cannot be resolved by purely rational 
(that is empirical and logical-deductive) means, but are fundamentally 
political. The decision making process is also important where there 
are intangible values because it helps crystallise what Tribe calls 
"inchoate values into distinct processes or criteria for choice" (272 
p 68) since values are formed through the choices made m  groping towards them,
As will be seen (in Chapter TV ) decision making in the UK 
as it is embodied in planning law exhibits many good qualities where 
there are environmental considerations. It is based on democratic 
participatory principles, and does not neglect fragile intangible values.
But though all the relevant facts, whether measurable or not, are 
discussed, and relevant information disseminated among interested 
parties, there remains one problem in democratic decision-making in
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an industrial society. Certain facts may only be understood
properly by the experts who were concerned with obtaining those facts
or are versed in the relevant areas, and therefore the opinions of
those experts are likely to be given more weight than anyone elses.
But, having determined what the dangers are the experts have no more
right than anyone else to decide which dangers, or levels of danger
are acceptable if the public is capable of understanding their
findings and where consideration of a subjective nature and fragile
values are involved. However,in more technical areas there is no/
alternative but for the experts to offer their paternalistic view
of how society should behave. Laymen cannot understand the technicalities
though they need to in order to be able to participate in the decision.
The problem is one for an expert in political theory.
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5o CONCLUSION: Ate EcortômiêS'Slid Ecology Compatible?
Some economists maintain that economics and ecology are basically 
incompatible, and that traditional microeconomic theory of Pareto- 
optimal ity does not deal satisfactorily with the problem of 
environmental spillovers. Thus Pearce says of the relationship 
between ecology and economics "the welfare foundations of cost-benefit 
are simply inapplicable", "our ideal CBA is redundant" and "Ecological 
criteria imply overproduction in an externality-corrected economy"( 24o ).
In many cases this perceived incompatability is either a 
misconception or a problem not only of economic analysis of 
environmental problems but common to all ways of looking at the 
environment or all economics. For example the claim that economics 
based on the idea of consumer sovereignty is redundant when consumer 
preferences are shaped by misconceptions and ignorance implies 
that someone or some institution knows better, in.which case 
the problem can be overcome by the informed informing the ill-informed j 
subject to the earlier-mentioned constraints of the layman understanding 
specialist information' .
Another objection to the application of economics to environmental 
problems which has been made is that CBA works with ex-ante values 
when in some cases "the effects of pollutants are perceived only 
after the pollutant has generated non-reversible effects^  (24o p ,l6) 
no-one, not even the well-informed, knows what the effects will be ,
The only resolution of this problem would be clairvoyance and so 
it is no more a charge against the application of economics to 
ecological problems than the non-attainment of perfect knowledge is 
to the application of economics anywhere else. One has to make 
some assumptions in order to act.
Much play is also made of the fact that the preferences of 
future generations are ignored. There is often the accompanying 
implicit or explicit judgement that if it is felt that there is 
any possibility, however small or indeterminate, that future generations 
could be irrevocably adversely affected by the actions of the 
current generation, the current generation should forfeit the right 
to indulge in the offending activity. Often the perceived -incompatability 
between economics and ecology derives from the assumption that an 
ecologist would not countenance any conceivable threat to the
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environment, no matter how vague and indeterminate, while the 
economist is prepared to trade the risks of the effect being 
realised against the benefits of taking that risk. ’’The issue 
becomes one of how to behave in a world where the effects and 
probability of ecological instability are uncertain, and the 
negative payoff is extreme... It may well be that different 
viewpoints about the environment are coloured by the attitudes 
of the commentators to uncertainty" ( 2U0 p 15).
As well as citing all these reasons for the incompatability 
of economics and ecology, Pearce, adopting a very pessimistic 
view of the consequences of ecological damage, shows how a policy 
leading to an economic optimum will necessarily lead to an 
ecological catastrophe. In order to demonstrate this he adopts 
a dynamic model in which the waste, W, from some output exceeds 
the assimilative capacity. A, of the environment, imposing an 
economic cost on society and at the same time reducing the 
capability of the system to withstand further pollution. Referring 
to Fig III, \ if the marginal damage costs, MDC, are anything but 
vertical the Pareto-optimal output of waste, Xp, will always be 
greater than the ecological optimum, X^ , which is at the point where 
the amount of waste is all assimilated. As the assimilative 
capacity of the system decreases the Pareto-optimal amount of 
pollution will also, but unless the marginal damage costs become 
infinite the Pareto-optimal amount will always be greater than the 
ecological optimum. Thus eventually there will be no assimilative 
capacity left. This Pearce assumes to indicate the end of humanity.
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However, leaving aside Pearce's rather sweeping assumptions, 
this model is not self-consistent. While Pearce adopts a dynamic 
approach to environmental damages, he looks only at a static CBA.
If a dynamic CBA were to he used this would accommodate the costs 
of decreasing assimilative capacity and automatically equate the 
Pareto and the Ecological optima, if the consequences would otherwise 
he as dire as Pearce foresees. Thus there is an inherent contradiction 
if an ecological gap (the non-coincidence of the Pareto optimum and 
the ecological optimum) implies infinite marginal damage costs then 
there can he no gap since infinite marginal damage costs means 
coincidence of the Pareto and ecological optima.
He is also inconsistent in his approach to CBA, for he says 
while it can identify the optimum for each individual waste it cannot 
identify the overall optimum for all wastes for partial analyses have 
no systems orientation and the overall effects will he missed. In 
this he supposes that there is some hody capable of identifying and 
enforcing the individual optima hut that this hody is incapable of 
taking an overview. Thus, having invoked the aid of forces outside 
the market he arbitrarily constrains the ability of those forces to 
deal with the situation.
Thus even accepting the assumption that pollution makes the 
system less capable of withstanding further pollution, there is no 
a priori reason to believe that economics and ecology are incompatible. 
However, this principle is by no means as pervasive as Pearce would 
have us believe, and certainly not so foolproof that it can be 
enshrined in a model which is supposed to be a generalisation of 
the behaviour of all pollution. In many cases residuals will not 
affect the assimilative capacity of the environment, but will merely 
find some equilibrium level following the basic principles of 
chemistry. By analogy with a saturated chemical solution, the more 
pollutant is added the more that is precipitated out. But this doesn’t 
affect the level at which.the solution becomes saturated.
existing pollutants occur at concentrations far below those which would 
saturate the media into which they are discharged.
Thus there is no reason to believe that economics and ecology 
are incompatible. However, there may be a case for saying that the 
relevance of economics to real world environmental problems is limited. 
This is firstly because of the restrictive assumptions adopted in 
much of the literature dealing with externalities. Analysis is usually 
confined to small numbers cases and inter-industry, inter-firm and
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inter-person externalities. The resolution of many of the 
existing theoretical controversies would result in little 
practical effect as far as environmental policy is concerned. 
Ultimately, the conclusion at which much of the economic theory 
arrives is that there is no one approach to dealing with 
pollution is suitable for all the different circumstances under 
which pollution may arise, and each case must be treated separately.
Secondly, much of the economic theory dealing with externalities 
presupposes a far greater amount of knowledge about externalities 
than actually exists. The charge that too much time is spent by 
economists on the theory of how to achieve some assumed optimal 
level and not enough on finding what that optimal level is has some 
justification. At the same time the difficulties of carrying out 
the necessary CBA are great. In this respect environmental economics 
suffers from the same limitations that all welfare economics does - 
namely that the Pareto principle cannot help define what the objectives 
are, but merely help to achieve them once it is known what they are.
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CHAPTER IV : EHVIRQNMEHTAL POLICY IE THE UK WITH SPECIAL 
REFERENCE TO THE COAL, OIL AND ELECTRICITY INDUSTRIES.
1. Introduction
1.1 Valuation of the Environment and the Allocation of Property Rights
Given that pollution is an externality and that the action of some 
hody outside the market, whether government or judiciary, is therefore 
required to achieve a situation closer to optimality, the function of 
the law is to provide the mechanism whereby appropriate intervention 
may be effected, choose which of the various modes of intervention 
(e.g. taxes or standards) should be used, stipulate the direction of 
payment, which need not be constrained by the chosen mode of intervention., 
and finally administer and enforce the solution.
The way in which economic considerations influence the formulation 
of the law has been investigated by Coase (l^ 3). The transaction costs will 
depend upon the direction of payment which is itself determined by the 
allocation of property rights. Therefore, the allocation of property 
rights will affect the optimal solution through its effect on the 
transaction costs. However, in a costless world where transaction 
costs are zero, Coase maintains, and the conventional wisdom is that, the 
optimum is independent of the direction of payment and hence the dist­
ribution of property rights.
Thus, in the absence of economic criteria, the distribution of 
property rights can only be determined on ethical or moral grounds.
According to Coase, however, the situation is ethically neutral. Since, 
as seen in the last chapter, the externality is in every sense symmetrical 
there is, and can be, no prior assignment of property rights.
To escape this conclusion Mishan (228 ) invokes the libertarian 
philosophy of John Stuart Mill that the freedom of the individual to 
do as he wishes must not go so far as to infringe the freedom of his 
fellows. In particular, he distinguishes between the guilt of the active 
and passive agents. But, as Mishan admits, such a classificatiom would 
not always lead to a more just solution, and ethical consensus of a 
different kind must be sought. Moreover, the fact that ethical grounds 
for decision making are used in the first place takes Mishan's suggestion
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outside the Coasian worlds
Krutilla and Fisher ( hS p33 •), on the other hand, recognise that they are
going beyond the framework imposed by Coase when they discuss alternative ' 
approaches to the allocation of property rights. One is that the 
allocation of property right's should be made on the basis of the 
severity and duration of the damage which is likely to result from the 
use of the environmental facility concerned. "If the destructive use is 
of sufficient gravity to elicit valid moral judgements (as would be the 
case with a threat to health or life) the correct measure of environ­
mental degradation may require priority in the consideration of rights, 
with the responsibility for compensation assigned to the destructive use".
( h6 p 3U). Here the willingness-to-pay criteria have no relevance. The 
same might apply to cases-where the damages may be irreversible.
In practice the law does tend to base its allocation of rights' 
upon such criteria, favouring the less destructive use of the environment 
where the effects of the alternatives would be severe. In some cases 
the basic legal doctrine of appropriation or prior use may be invoked 
to assign property rights, as is the case in English law where someone has 
used a watercourse for a certain purpose for over 20 years. In others 
the law may endow groups particularly susceptible to pollution (such as 
riparian dwellers) with the right to a clean environment.
Though the optimum is independent of the direction of payment in 
a costless world, once willingness to pay criteria are introduced it can 
be shown that, even in a costless world, the optimum level of externality 
will depend on the allocation of property rights and whether the law 
favours the polluter or the polluted. This is because the assignment 
of property rights determines which of the parties involved in a 
dispute is to dictate what the value of the environmental service at 
stake is to be, and this will vary in a way which depends on the relative 
incomes of these parties. As Krutilla and Fisher show for a piece of 
land where the competing interests are those of a developer who wishes to 
mine it and a recreationist who wishes it to remain as it is, "where 
a competing use (say mining) has the initial rights, value to the 
recreationist is determined by his income-constrained maximum willing­
ness to pay to buy out the miner. Where the recreationist has the 
initial rights, value is determined by the unconstrained minimum amount 
he will accept in exchange for his rights. Since the two measures of value 
are in general not the same, assignment of property rights could determine
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the outcome of a decision to allocate a resource to its optimal, or 
highest-valued use, in an appreciable proportion of the cases" ( k6 P 36). 
Mishan originally explained this in terms of the way different 
measures of the environmental effect - the polluter's compensation 
variation, the polluter's equivalent variation, the sufferer's com­
pensation variation and the sufferer's equivalent variation - inter­
change under different states of the law, their relative significance 
depending on whether the law is pollution-permitting or pollution- 
prohibiting ( 225 ). He contended that "because of welfare effects the optimal 
output of polluting activities under pollution-permitting laws can 
be much larger than their overall optimal outputs under pollution- 
prohibiting laws" È28 p 273). Thus, since the valuation of an environmental 
resource depends on the way in which property rights are allocated, and 
property right allocation must be determined-to some extent by ethical 
considerations, these ethical considerations will themselves influence 
the value of the environmental resource. Of course once this has been 
realised the economiq.reper cuss ions of different ethicaL.approaches may also 
influence the eventual allocation of property rights. The process is an 
iterative one.
Finally, there is the small, second order effect that willingness 
to pay and hence the social marginal costs and social marginal benefits 
will depend not only on the pre-transaction income distribution, but 
will also be affected by the different distribution consequences of 
different methods of achieving a solution. ( 5 5 ).
1.2 The Law and the Political Process
The way in which externality-correcting legislation is instigated 
lies largely within the realm of politics. In a democratic society 
the will of the people should ideally move the government to implement 
the appropriate legislation. With the increasing concern over the 
environment and the proliferation of environmental pressure groups, 
environmental interests have been exerting a greater and greater 
influence on the law at the law-making stage. Indeed pollution provides . 
some model examples of grass-roots democracy and the interaction 
between public opinion and political response resulting in the appro­
priate legislation, many of which could provide much empirical 
evidence to test the various political models of the operation of 
interest groups. In some cases, in the U.S. for example, it might be 
argued that there has been an over-reaction leading to harsh and
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sometimes unenforceable environmental standards which are not 
justified by the scientific evidence but have been promulgated 
merely to pander to public opinion or the demands of politicians 
who are only interested in the pollution 'business' to obtain 
political mileage from it. Then again, it is arguable that in 
an area where data are so scarce, the perceived dangers are just 
as valid as the real ones. More danger to mind and body may be 
done from worrying about pollution than from its actual effects.
If, as some political theorists have suggested, a less benign 
view of the government is taken, and it is seen not as a medium 
through which the will of the people finds expression, but as a 
body which operates for its own self-interest, political 
considerations may in fact impede the enactment of environmental 
legislation. It is conceivable that today's governments, whose 
horizons are only short-term, would be reluctant to implement 
legislation the benefits of which would only be apparent in years 
to come, as is often the case with pollution control, when they 
are no longer in power. In contrast, companies, which have longer 
planning horizons, and many of which are very conscious of their 
environmental images - many base advertising campaigns upon the 
environmental qualities of their goods and the measures they are 
taking to improve the environment - may be more willing to 
implement controls which would both stand them in good stead for 
the future (anticipating more stringent environmental legislation 
then) and improve their public images. Oil companies, for example 
seem more forthcoming in providing environmental information than 
the nationalised energy industries (although the straight-jacket 
of government secrecy may have something to do with this). It is 
an odd reversal of the roles conventionally assigned to government 
and industry in most economic theory. If, however, one takes the 
theory of oligopoly to which the oil industry example would conform, 
and looks at pollution control as a form of product differentiation 
in this context, economic theory would seem to provide an 
explanation,and indeed this effect was anticipated before it first 
began to manifest itself (lT5).
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2. Aspects of The Common Law Relating to Pollution
2.1 Int r oduct ion
Pollution is covered extensively by both the çommon law and the 
statutory law. However, while the statutes are passed through 
Parliament,the common law has evolved in the courts through experience 
and trial and error and tends to be more amenable to varying 
interpretation than the more formal statutes. As far as the common 
law is concerned, both the law of torts and criminal law contain 
provisions relevant to the control of pollution. However, whereas 
a tort, which is a civil wrong, entitles a person who is injured by its 
perpetration to claim damages for his loss, whether purely by way of 
reparation or as a way of bringing home to the defendant the anti­
social nature of his act, or to seek an injunction, the object of 
criminal law is to punish the offender or ensure by some other means 
that he does not repeat his offence.
2.1.1. Private Nuisance - Law of Torts
Most important in the context of pollution is the law of torts, 
and specially the tort of private nuisance. If such a nuisance infringes 
upon some right to which the plaintiff is entitled he may institute 
proceedings. Hence the efficiency of the common law in protecting one 
individual from pollution by another hinges upon establishing which 
people have rights, what those rights are, and how the concept of 
nuisance is to be interpreted.
There are two classes of private nuisance. The nuisance could 
interfere with a person's natural rights, incidental to his occupying 
the land wherein the nuisance is manifest, or with his acquired rights 
such as fishing in a river. In such cases the plaintiff may take 
action without actually proving any damage. If, however, the nuisance 
is constituted by the escape of some obvious substance onto a person's 
land, it is only actionable if the plaintiff can prove unreasonable 
damage ( ^+0 p305). Nuisances of this latter sort have been variously
interpreted as "water, smoke, smell, fumes, gas, noise,.heat, vibrations, 
electricity, disease germs, animals and vegetation^( 52 P 3^ ).
Though in principle the definition of pollution within the common 
law is of a wider application than those contained in the statutes, so
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vague and amorphous has the once precise concept of nuisance become 
( 27, p393) that its practical capacity to fight pollution has been 
seriously undermined. The law of nuisance is further complicated by 
the fact that the courts look upon some harm as part of the give- 
and-take of life in a world where interests must often conflict and 
compete (2T »p^ Ol) .Moreover, what constitutes an unreasonable nuisance 
will to some extent depend upon the environment within which it occurs: 
"What would be a nuisance in Belgrave Square would not necessarily be 
so in Bermondsey". ( ^ 29 ).
A person will be liable in an action for nuisance if he either 
creates the nuisance, or being in a position to abate it permits it to 
continue .once he knows that it continues upon his premises. People will 
not normally be liable for nuisances which arise upon their land in 
such circumstances that they could not reasonably be expected to have 
known of their existance However, there are cases where tortious
liability may be imposed independently of any fault or negligence on 
the part of the wrong-doer (sometimes called strict liability). This 
is known as the Rule in Rylands v Fletcher, a case which concerned 
the escape of water from a reservoir (428 ).
2.1.2 The Rule in Rylands v Fletcher
In Rylands v Fletcher it was established that "the person who, 
for his own purposes, brings on his lands and collects and keeps 
there anything likely to do mischief if it escapes must keep it at his 
peril, and if he does not do so is prima-facie answerable for all the 
damage which is the natural consequence of its escape" (428 p 279-280). 
This proposition bas been acted upon as a general rule of law since its 
acceptance by the House of Lords, but was later qualified by the proviso 
that the defendant's use of his land must be "non-natural" (4o p308) - 
it depends upon "all the circumstances of time and place", (427 ) and 
has in the past been interpreted rather narrowly (53 p56 ). Similarly
what constitutes a mischief raises questions. Among other things gas, 
electricity, fumes, explosives and rusty wires have been held to be so 
(4o p309) as well as acid smuts and dust ( 53 ), so the rule is of 
particular relevance to air pollution.
One defence is that the mischievous substance is collected by the 
defendant under statutory authority, such as a local authority carrying 
gas in a main, in which case there is no liability for any damages 
caused by its escape. But where a plaintiff might fail in Rylands v 
Fletcher he might well succeed in nuisance or negligence.
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2.1.3 Public Nuisance ~ Criminal Actions
A feature of the civil law which has considerably restricted 
its use as a defence against pollution is that individuals or small 
groups attempting to defend themselves must prove that the pollution 
originates from those against whom they are taking action. This may 
present technical and financial difficulties. Then there are the 
risks and expenses of litigation which few plaintiffs are willing to 
incur.
However, apart from civil actions, there is provision within the 
common law for criminal actions to be taken by the Attorney-General, 
at whose behest a public nuisance may be restrained by injunction.
Such nuisance may cause damage or inconvenience to the public in general 
or a certain class of people and, unlike private nuisances, no 
interference with the use or enjoyment of land need be demonstrated. 
Moreover if a person suffers special damage over and above the harm 
caused to the public at large he may bring an action in tort against . 
the offender. But though in theory of wide application, public nuisance 
is even less used than civil procedures today. In fact, as will be 
seen later in this chapter, the Public Health Act of 1936 provides a 
special statutory procedure by which public nuisances can be dealt 
with by magistrates,
2.2 Air Pollution and the Common Law
The common law concept of nuisance can cover a far wider inter­
pretation of atmospheric pollution than the 'smoke' to which the Clean 
Air and Public Health Acts confine themselves. Thus "the creation of 
a stench" ( 430 p 322), the causing of smoke or noxious fumes to pass 
over a plaintiff's property (420 ) or the raising of clouds of coal 
dust (426 ) have all been held to be actionable nuisances, as have 
dust, acid smuts (421 ) grit, fumes and noxious gases (431 ) and gas 
likely to pollute water supplies ( 4l8). Generally "when it is said 
that a householder is entitled to have the air in his house untainted 
and unpolluted by the acts of his neighbour by that is meant that he 
is entitled to have not necessarily air as fresh, free and pure as at 
the time of building of the plaintiff's house the atmosphere then was, 
but air not rendered to an important degree less compatible, or at 
least not rendered incompatible, with the physical comfort of human 
existence" ( 430).
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2.3 Water Pollution and the Common Law
Though the first laws on water quality were passed in 1388, until 
the Industrial Revolution the common law provided the main defence against 
pollution. Even then the statutory controls which were implemented did 
not replace the common law hut existed side hy side with it.
A landowner has a right of action if pollutants released hy a 
neighbour foul the waters he draws from wells on his land( 4l7 )• However, 
the rights of riparian owners or others with interests in a water course 
go further: "he is entitled to the water of his stream in its natural 
flow without sensible diminution or increase and without sensible 
alteration in its character or quality"(423) • Most significantly for 
pollution from the energy industries this has been interpreted to cover 
thermal pollutionC4l9 ,425 )• The riparian owner can succeed in an action 
without being called upon to prove damage. His cause of action lies in 
nuisance, and if any solid matter has been deposited on his land, in 
trespass (424 ).
Apart from the rights of riparian landowners the common law also 
protects the rights of navigation and fishing to which the public is 
entitled in. tidal stretches of a river, and angling associations have 
successfully used the common law to uphold their rights on several 
occasions.
As far as the polluter is concerned it is no defense to prove that 
the stream was already so polluted by others that the extra is un- 
noticeable (422 ).
However, he can gain the right to pollute if granted a consent 
under the Control of Pollution Act 1974 or if he has acquired a prescriptive 
right to pollute, which results from his having discharged openly into the 
stream for twenty years without action having been taken by the plaintiff 
to prevent him. In fact a successful action may result in a court 
issuing an injunction in order to prevent a prescriptive right being 
acquired.
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3. Introduction to Statute Law*
The increasing inadequacy of the common law in dealing with 
pollution within the context of modern society has prompted the 
development of a complicated network of statutes aimed at curbing 
pollution. In some cases, where the existence of civil remedies has 
failed to check pollution, statute laws reinforce the common law; in 
others they go beyond the common law introducing more stringent and 
explicit controls. Penalties for breach of the law are usually monetary, 
though imprisonment is also possible. Whether or not a person who has 
suffered damages also has the right of action at civil law for breach 
of statutory duty, and the offender is liable to compensate the 
injured party as well as paying any fines, varies from statute to statute, 
and depends upon the way the courts interpret the intentions 
Parliament had in passing the law.
Pollution legislation in the U.K. is at present in a state of 
transition. The formation of the Department of the Environment in 1970 
provided a streamlined government machinery for dealing with pollution, 
though other departments have responsibilities concerning the environment. 
Since then there have been changes in the legislative and administrative 
approaches (the two have always been pursued simultaneously in the U.K.) 
to the control of nearly all forms of pollution in the U.K. The Water 
Act of 1973 created new water authorities whose responsiblilties for 
pollution control were set down in the Control of Pollution Act 1974 
(Part II). The latter act also makes new provisions for the dumping of 
solid wastes (.Part I), control of noise pollution (Part III) and air 
pollution (Part IV) and contains powers increasing the availability of 
information. However, because of the economic climate into which the 
act was born, many of its provisions were temporarily shelved and have 
yet to come into force. According to the Secretary of State for the 
Environment the remaining provisions should be inforced by the end of 
1979 (391) • The control of air pollution has undergone further mod­
ification as a result of the re-organisation of local authorities by 
the local Government Act 1972 and the expansion of the Alkali 
Inspectorate, which along with the Nuclear Installations and other 
Inspectorates has been formed into the Health and Safety Executive 
under the Health and Safety at Work Act 1975.
Many of the above mentioned changes - for example those embodied in
* Footnote over
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* Most of the laws referred to in this chapter apply to Scotland, 
Wales and Northern Ireland as well as England. Scotland, however, 
has several of its own acts relating to pollution, though on the 
whole they are the same as their English equivalents. For almost 
every English law that does not apply to Scotland, there is a 
Scottish equivalent.
Differences in the administrative (as opposed to legislative) 
frameworks are more pronounced due both to different local government 
structure, and in some cases the existence of separate central 
control bodies. Both-the Scottish and Welsh Offices work in 
conjunction with the D.O.E. for their respective countries. In 
Scotland there is within the Scottish Development Department Her 
Majesty's Industrial Pollution Inspectorate whose powers go beyond 
those that the Alkali Inspectorage has with regard to English 
industry and extend to water, radioactive and toxic waste pollution 
control. The Northern Ireland Ministry of Development has similarly 
wide ranging pollution control powers. The functions of the English 
regional water authorities are held for Wales by the Welsh National 
Water Development Authority and in Scotland by the Scottish river 
purification boards.
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The Control of Pollution Act and the Dumping at Sea Act 1974?hut not 
any of those related to the Health and Safety Executive, have been 
the consequence of recommendations made by the Standing Royal 
Commission on Environmental Pollution. This Commission was set up 
in 1970 under the chairmanship of Sir (now Lord) Eric Ashby (and 
subsequently Sir Brian Flowers) "to advise on matters, both national 
and international concerning the pollution of the environment, on the 
adequacies of research in this field; and the future possibilities 
of danger, to the environment" (317 ,81). Given so wide a remit the 
commission decided to confine itself to the external environment, (317,310) 
as opposed to that around the workplace or at home which a committee 
under the chairmanship of Lord Robens had been set up to investigate 
by the Department of Employment.
The Royal Commission on Environmental Pollution outlined its 
strategy as to "select problems which require more attention than they 
are getting" and where necessary either to recommend action or further 
research and development, or to pursue the matter itself and publish 
reports (317 37). The issues which the Royal Commission has itself 
investigated in detail are "Pollution in some British Estuaries and 
Coastal Waters" (319 ), many of the recommendations from which have 
been implemented in The Control of Pollution Act 1974, "Air Pollution 
Control in the UK" ( 321)? a report which raised matters that are now 
under consideration by the Government, a study of Radiological Safety 
for nuclear power ( 322) which has contributed greatly to the public 
debate on the subject, as it was intended to, and finally the training 
and manpower requirements for pollution control staff (320 ). Other 
matters the Royal Commission has dealt with only briefly include the 
confidentiality of information about industrial wastes and the disposal 
of toxic wastes on land (3l8 ), both of which were subsequently dealt 
with by the Control of Pollution Act 1974, the impact of new products 
upon the environment (3l8 ), and global atmospheric pollution (317 Ch V) 
which it at first considered to be insignificant but later (322,s48l) 
feared could pose a threat. Unlike the other reports the first and 
fourth reports of the RCEP consist mainly of general, surveys of the 
state of the environment in the UK and arrangements for its protection. 
Several of the issues over which the RCEP expresses concern however, 
are not dealt with by the Commission but are left to other bodies which 
are already investigating the matter or will do so at the request of 
the Commission. The Department of the Environment's Central Unit on 
Environmental Pollution (CUEP) in particular has issued reports on
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several areas of concern to the commission.*
Since its inception the RCEP has achieved its objectives of 
contributing to and stimulating the public debate on the environment 
by making the relevant information more available; and of invest­
igating in depth particular topics of special environmental 
significance. Above all it has spoken in the language of the age 
while giving a well balanced and reasoned view of the issues with 
which it had dealt. Indeed certain of the recommendations and 
attitudes in its two most recent reports have been considerable 
challenges to the established system and conventional wisdom.
*For example, the fact that the Department of the Environment’s 
Central Unit on Environmental pollution was examining oil pollution 
in the Worth Sea deterred the Royal Commission on Environmental 
Pollution from pursuing the matter itself. ( 320,S228). This was 
also the case for the effects of chlorofluorocarbons on stratospheric 
ozone. (320, S 226) which was the subject of the CUEP's Pollution 
Paper Wo 5 ( 300).
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4. The Law Relating to Air Pollution in England.
4.1 The Present Situation
At the present time the structure of air pollution control in 
this country is in a state of transition. The Rohens. Committee was, 
in 19705 asked to examine the workings of the Factory Inspectorate, 
and in 1972 put forward a series of proposals that it be -merged with 
the Mines and Quarries, Explosives and Nuclear Installations Inspect­
orates, with Agriculture Safety Inspectors and finally- the Alkali 
Inspectorate CA.1. )'. On the 1st January 1975 the A.I. was duly 
transferred from its erstwhile home, the Department of the Environment, 
to the newly formed Health and Safety Executive under the terms of the then 
Health and Safety at Work Bill 1974.
Since the primary concern of the Health and Safety Executive 
was with conditions within and in the immediate vicinity of the 
workplace the A.I. objected to this proposed change, (292 ) .^nd the 
Department of the Environment, realising it was about to lose control 
of the Alkali Inspectorate referred the whole matter to the standing 
Royal Commission on Environmental Pollution whose main recommendations 
are outlined later in this chapter.
Few significant changes in the method of working of the Alkali 
Inspectorate have occurred since its incorporation into the Health and 
Safety Executive. The Inspectorate remains an identifiable unit and 
retains its title, but while most of the detailed powers of the 
Inspectorate are still under the Alkali Act of 1966, which will 
gradually be repealed and replaced by Health and Safety Regulations, 
some of them have already been replaced by new regiilations and a few 
have been repealed and not yet fully replaced (321, 877 ).
Since the new system is likely to retain many of its former 
characteristics I will first describe the legislative and administrative 
framework for air pollution control as it was up to the end of 1974.
4.2 The Alkali Act and Alkali Inspectorate
4.2.1. Introduction
The control of air pollution from industrial processes scheduled 
under the Alkali etc Works Regulation Act (A.A.) 1906, as amended by
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subsequent ministerial orders, is the responsibility of the Alkali 
Inspectorate, a small and specialised government body. Scheduled 
processes are those which present the most difficult air pollution 
problems, whether of smoke or otherwise, such as lead, iron, steel, 
electricity and chemical works. No scheduled process may operate 
without first obtaining from the Alkali Inspectorate a certificate 
of registration which it must renew annually, and which, in theory, 
the Chief Alkali Inspector will only issue if he is satisfied that 
the works has installed whatever pollution abatement equipment is 
necessary for comliance with the act (A.A. 1906 S 9). But though 
refusal to register a scheduled works is tantamount to a closedown 
order, the process of annual registration of works as it operated 
up to the beginning of 1975, at least in England and Wales, was a 
pure formality ( 321,8213 ).
At the end of 1976 some 60 processes were registered at 2200 
works involving 3700 operations, which accounted for 75% of this 
country's fuel consumption. Under the Public Health (Smoke Abatement) 
Act 1926 (PH(SA)A 1926) the Secretary of State for the Environment 
has powers to add or subtract a process to or from the list (S 4(l)). 
Proposals for a change in the schedule are put to the Minister by 
the Chief Alkali Inspector, and a public enquiry held, depending on 
the outcome of which the process may be scheduled by ministerial order. 
Similarly, works whose control problems have been solved may be 
removed from the list, as were air and rotary furnaces in the steel 
industry in 1971. Classes of works are scheduled or descheduled as 
a whole: there is no -scope for single works to be scheduled, though
individual works may be'handed over to local authority control under 
the Public Health and Clean Air Acts. However, in its 5th report the 
RCEP proposes that there should be provision for treatment of 
individual works (421, 3190). (At the moment substantial provisions 
for scheduling and descheduling have been repealed under the Health 
and Safety at Work etc Act (H + SWA) 1975 without yet being replaced.)
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4.2.2. Best Practicable Means
The 1906 Alkali Act lays down specific statutory standards
for only four types of emissions from registered works: these
apply to alkali, hydrochloric acid and some sulphuric acid works.
All other registered works are required simply "to use the best
practicable means for preventing the emission into the atmosphere
from the premises of noxious or offensive substances and for
rendering harmless and inoffensive such substances as may be so
emitted" (H + SWA S5(l)). The gases to which this applied were first 
listed in the 1906 Alkali Act (S27(l))-and extended by powers granted 
under the Public Health (Smoke Abatement)Act 1926 (S.4) and Clean Air 
Act 1956 (S.17(3)) and by two ministerial Orders (412, 413).
The concept of best practicable means (b.p.m.) is not only 
central to the operation of all Alkali legislation but represents 
a philosophy which is at the heart of all UK pollution legislation. 
Though introduced by the second Alkali Act of 1874, it has not been 
outmoded with the passage of time. In fact it has been endorsed 
firstly by the Beaver Committee of 1953, ( 305) which tripled the 
number of works under the control of the Alkali Inspectorate, and, 
less unreservedly, by the RCEP in their fifth report (321,8163-166). 
According to the Control of Pollution Act 1974 "practicable means 
reasonably practicable having regard among other things•to local 
conditions and circumstances, to the current state of technical 
knowledge, and to the financial implications. The means to be 
employed include the design, installation, maintenance and manner 
and periods of operation of plant and machinery, and the design, 
construction and maintenance of buildings" (S 72). This definition 
is not binding upon the Alkali Act where b.p.m. is less clearly . 
described.
Much controversy has surrounded the use of b.p.m. to control 
pollution. While "at its best b.p.m. is far tougher on industry 
than nationally-fixed .emission limits" (270 ) and achieves standards 
near the limits of technical feasibility, it has been attacked as 
"reflecting the economic convenience of industry" ( 15,Ch l).
Indeed, if, as the Chief Alkali Inspector says in his annual 
report of I969, "the problems of air pollution control are mainly 
economic... the technical solutions to prevention are almost all known", 
(290,p 5) then the determination of b.p.m. will inevitably by 
governed by economic criteria.
The absence of specific standards in the legislation for most 
registered processes renders the efficiency of the Alkali/Act completely
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(fependent upon the interpretation of h.p.m. given hy the Alkali 
Inspectorate, and the way in which, once established, their decisions 
are implemented. The Alkali Inspectorate establishes what the b.p.m. 
is for a particular industry through consultations with the industry 
concerned. Any necessary research is usually carried out by the industry 
itself since the A.I. has no central laboratory of its own, and anyway 
this is in line with the "polluter pays principle".
The Chief Alkali Inspector then produces "Notes on best practicable 
means" and sets "presumptive limits", an informal system of voluntary 
emission standards which act as a guideline to b.p.m. so far as 
measurable emissions are concerned. Standards are tightened as 
developments in process and pollution control technology make this 
feasible. Presumptive emission standards apply to the majority of 
registered works. .
Although the outline of b.p.m. is determined nationally, the detail 
is always left to the district inspectors, who relate it to the situations 
within their areas. Standards can also vary within a class of works 
depending on the type of process, raw materials used and throughput. 
However, despite this the A.I. has been criticised for paying little 
attention in practice to local conditions in its interpretation of
practicable (86 ). Occasionally a larger works must meet stricter con­
ditions than a smaller one, but in general a single emission standard 
applies to each class of works. Even in the annual reports of the 
Inspectorate a preference for uniformity of standards is expressed ( 289 ) 
so that no works has a competitive advantage over any other, or can 
move from one part of the country to another in order to avoid more 
stringent requirements.
When a new plant operating a scheduled process is built b.p.m. 
applies to it immediately, so the district Alkali Inspector works 
closely with the firm during the design stage to ensure that all the 
requirements are met and the necessary prior approval may be granted..
On the other hand, plants already operating when a process comes 
under schedule or conditions of registration are changed are normally 
allowed to continue without being upgraded or renewed until the end 
of their economic life, which is normally for about ten years ( 321 892)
In this way the most harmful processes may be exempted from control on 
account of their age because they would be too expensive to adapt and 
cannot close down since they are essential to the community within 
which they operate.
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The emphasis of the Alkali Inspectorate’s-work is on controlling 
emissions - "or prevention rather than cure". ( 292 p 10). However, where 
the best practicable means of prevention have been fully explored 
and there still remains an unavoidable escape of gases the main 
method of rendering "harmless and inoffensive" those gases is by 
dispersion from high chimneys, the height of the chimneys depending 
upon local circumstances. The distinction between preventing emissions 
altogether on the one hand, and minimising the effects on the other is . 
mirrored in the alternative approaches to pollution control of having 
either emission standards or air quality standards. The Alkali 
Inspectorate believes that there is "no such thing as harmful materials, 
only harmful concentrations" (292 p 11). The use of dispersion techniques 
is largely responsible for the reduction in urban ground level con­
centrations of sulphur dioxide, despite an overall increase in emissions, 
over the period 1956-1973 (321,S 142). Nevertheless, as Mr Ireland, the 
Chief Alkali Inspector recognises, dispersion is no substitute for 
prevention ( 292) and merely spreads the pollution further afield. Ground 
level concentrations of sulphur dioxide have increased in some rural areas 
over the above period, and the U.K. was identified as one of the possible 
sources of the "acid rains" which occurred in Scandinavia.
4.2.3. Enforcement
Once the Inspectorate has determined what constitutes b.p.m. 
it has a duty to see that its requirements are observed. The 
Inspectors.visit all registered works at least twice a year; but more 
troublesome ones are visited more often (eight to twelve times is 
the maximum). However, despite recent increases in size, the small­
ness of the inspectorate obliges it to depend to a large extent upon 
industry itself and the local authorities to help it in its functions.
At the end of 1975 there were 42 inspectors, of whom the Chief Inspector, 
three deputy chief inspectors and four other inspectors who act as 
their assistants are based at headquarters. The other inspectors are 
divided between fifteen area offices in England and Wales, each of which 
has a district Alkali Inspector and usually one or more inspectors to 
help him.
Although, the inspectors, or one of the two-men grit and dust 
testing teams belonging to the inspectorate, make their ewn measurements 
on emissions, it is usual for monitoring to be done at the instigation
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of the inspectors by the industry itself, and the results made 
available to the inspectorate for checking. Moreover, because the ' 
large size of the areas the inspectors have to cover makes it 
difficult to keep a close watch on the industrial under their
supervision, they tend to rely on local authorities to keep an eye
on registered works and pass on complaints.
However, even when excessive emissions are detected or reported 
there is "no well-defined dividing line between legal and illegal 
operation, and a discussion as to whether a given set of conditions 
shall or shall not be treated as an infraction rests to a great extent 
with the district Alkali Inspector" ( 286) . Invariably economic
factors play a large part in determining whether an infraction has
occurred as shown in the inspectorate’s tendency to initiate
proceedings against small companies far more often than against large 
ones.
Should the Inspectorate decide that a contravention of the Act 
has occurred and best practicable means were not being used by the 
offender, it sends an infraction letter to the firm formally notifying 
it of this and calling for an explanation and, where possible, for 
details of the action the firm proposes to take in order to prevent 
a recurrence. Only as a last resort after repeated and serious 
infractions will the A.I. normally prosecute, and even then an 
inspector may only bring proceedings with the sanction of the Secretary 
of State for the Environment. The extremely low incidence of 
prosecutions has been attributed to the reluctance of the A.I. to 
acknowledge a failure in its policy of "educating" industry (86 ), 
though the inspectorate explains that prosecution loses its impact if 
used too frequently ( 288 ). Between 196T and 19T2 the inspectorate 
brought twelve successful prosecutions against registered works with 
an average fine on conviction of less than £70, but most were directed 
against illegal cable burners - unregistered individual operations.
Larger concerns often manage to escape prosecutions due to the 
technical inadequacy of the Alkali Acts. For example, Battersea 
Power Station found a legal loophole to avoid prosecution in 1971 
( 293 ). The annual reports of the Inspectorate regularly contain 
tales of contemplated, but seldom executed, legal action. Even if 
they were successfully prosecuted, such small fines would hardly deter
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major polluters from the more than
compensatory gains achieved through the use of the otherwise free 
environment,) A combination of both higher fines and wide publicity 
may prove a more effective deterrent. However, under the Health and 
Safety at Work Act 1975 air pollution offenses are triable both 
summarily where the maximum fine has been raised to £400, and on 
indictment where the maximum fine is unlimited and the offender may 
be sentenced up to two years imprisonment»
It is this same reluctance to admit defeat and make criminals 
out of those whose activities benefit the state that guarantees a 
works once registered annual re-registration, even if it does not continue to 
use best practicable means» According to the Royal Commission on 
Environmental Pollution "the Alkali Inspectorate consider that their 
essential role is to work out in consultation with industry what can 
best be done to control pollution and then impose conditions on design, 
maintenance and operation of the plant» While they spend much time 
inspecting plants to make sure that conditions are observed, this is 
a secondary objective" (321, s 219).
4.2o4 Praise and Criticism of the A»I»
In nearly all its dealings with industry, whether working out 
bop»m, carrying out the necessary research, monitoring emissions or 
enforcing imposed conditions, the A»I» operates in a spirit of co­
operation rather than coercion. Indeed, it was this aspect of the 
A.I.’s work which characterised a radical new approach to the problems 
of air pollution control when the A.Î» was set up in 1863 on the 
recommendation of the Royal Commission of 1862 which was Investigating 
the problem of hydrogen choride emissions from Alkali Works. No longer 
would nuisances be simply and ineffectively banned» Now the Alkali 
Inspectorate would use its scientific expertise to make constructive 
suggestions on how to help. The reduction in volume of HC.l emitted 
from alkali works achieved in this way was striking» "Almost overnight 
the evolution of acid was reduced from 13000 to 43 tons per annum»"( 210 ).
The co-operative approach has its advantages and was endorsed by 
the Royal Commission on Environmental Pollution as preferable to the 
detached specification of emission limits by an impersonal Alkali
Inspectorate ( 321,8 120).- The A.I. itself believes a policy of "confrontation" 
would lead to less progress» However, the A»I, has recently become the 
object of increasing criticism and nothing has aroused more suspicion 
than its relationship with industry» The inspectorate has been called
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industry's "ally" and "partner" (15 Ch l) whose ''cosy" relationship 
with industry reduces the incentive to achieve as high standards as are 
possible .and desirable.
This criticism has been exacerbated by other facets of the A.Io's 
operation. As the RCEP points ,out "a system operating on the basis 
of co-operation with industry has a particular need to satisfy the 
public" (321, 8121).The Alkali Inspectorate, though ultimately responsible
to Parliament through the Secretaries of State for the Environment 
and for Wales - and now through the Health and Safety Commission as 
well - operates with a remarkable degree of autonomy. Decisions 
relating to air pollution from registered works are those of the A.I. 
alone. Though this independence might be justified if scientific 
expertise was the only requisite for making these decisions, the 
presence of economic and political considerations undermines the 
inspectorate's formal qualifications.
The isolation of the A,I, from the public further lends it an 
autocratic image. The inspectorate has little occasion for contact 
with anyone outside industry and several inspectors do not see public 
relations as part of their job. The majority of the public are 
ignorant of the existence of the'Ad. ^ and complain about pollution first 
to their local authority or the offending factory itself. The refusal 
of the inspectorate to release to the public emission data supplied by 
industry as part of the control procedure on the grounds that it 
would jeopardise its relationship with industry, does little to inspire 
public confidence in it. However, the Control of Pollution Act has 
provisions to facilitate the release of such data, thus undoing the 
damage done by the Health and Safety at Work Act 1975 which prevented the 
A.I, from publishing data, although the original Alkali Act had placed 
no requirement of secrecy on the A.I. And the A.I, itself has also 
recently done work to increase public involvement in pollution control.
Much of the recent rise of public interest in the activities of 
the A,I, is due to increasing general concern over the environment, 
as evidenced by the proliferation of environmental and conservation 
groups, rising expectations as regards the environment, and changing 
attitudes towards public accountability. However, it also stems from 
the fact that the Alkali Inspectorate has not adapted sufficiently to
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these changing expectations, and operates much as it did when 
it was first founded - when people were prepared to accept a far 
worse environment, and public opinion was not as important as 
it is today,
4.3 Local Authority Control over Air Pollution : The Clean Air
and Public Health Acts
Control over air pollution from all stationary sources other 
than those registered under the Alkali Acts is vested in the local 
authority within whose area the emission takes place, or whose area 
the emission may affect, through the Clean Air Acts (CAA) of 1956 
and 1968 and Public Health Acts (PHA). The 459 local authorities 
in Britain control emissions from some 300,000 industrial premises 
of which probably about 30-50,000 cause significant air pollution.
The Clean Air Acts refer specifically only to smoke, grit, dust 
and fume arising from combustion. Smoke is explained by section 34(1) 
of the 1956 act as including "soot, ash, grit and gritty particles", 
and visibility is a necessary characteristic. Though undefined in 
the legislation, grit is taken to mean particles above 76 microns in 
diameter, fume to be below one micron in diameter and dust between 
the two (52 ).
In terms of achievement, the most effective provision of the 
Clean Air Acts is that which entitles the local authorities to create 
smokeless zones (CAA 1956 s 11), where it is an offence to emit any 
smoke, whether from industrial or domestic premises, subject to any 
limitations or exemptions in force. The operation of this provision 
revolves around the concept of "authorised fuel" - that is any fuel 
specified by ministerial regulations in force at the time - the 
emission of smoke from which constitutes no offence.
However, the Clean Air Acts also provide local-authorities 
with powers to control illegal emissions of dark smoke as defined 
as that as dark as, or darker than, shade 2 on the Ringelmann chart. 
This is a method of visually assessing smoke emissions by comparing 
the darkness of the smoke with the standard shades of grey on a 
chart placed on the vertical plane in a line between the observer 
and the chimney top. There are four standard charts which are 
cross-hatched in black and white such that 20, 4o, 60 and 80%
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obscuration . is achieved. This they may do by approving the pollution
control equipment usèd for certain fuels (CAA I968, S3), or the height of the
chimneys from which emissions are made (CAA 1968 s8). They
can also monitor emissions and ground level concentrations
themselves or get the results from firms they have required
to do so.
The ability of the local authorities to control pollution which 
does not come from combustion processes derives from Part III of 
the Public Health Act 1936 as extended by the Act of 196I and the 
Public Health (Recurring Nuisances) Act I969. These furnish a 
local authority or any other complainant with a special statutory 
procedure for dealing with public nuisances which are specified 
by act of Parliament as statutory nuisances, including "any dust 
on effluvia" caused by any trade, business, manufacture or 
process, and being prejudicial to the health of, or a nuisance tOj, 
the inhabitants of the neighbourhood" ( PEA 1936 s 92(l) (d)). But, 
as with the Clean Air Acts, no explicit reference is made to 
chemical vapours and the powers that the local authorities have 
for dealing with emissions other than from combustion processes and 
of smoke are very limited by comparison with those of the Alkali 
Inspectorate. However, even those powers which the local authorities 
do have to control combustion emissions are hardly used to their 
full potential. The efficiency of the control of emissions from 
unscheduled industrial processes depends mainly upon vigorous 
implementation of the provisions of the two Clean Air Acts by the 
local authorities and the making of appropriate regulations by the 
Ministry. In particular the responsibility lies with the Environmental 
Health Officers of the local authority. But although the Control of 
Pollution Act increased the burden of E.H.O's as regard air pollution, 
it still forms only a fraction (about a tenth according to the R.C.E.P.)
( 321 SlOO) of their work concerning environmental health in general.
This has led to variations between local authorities in their competence 
to deal with air pollution problems and the priority which they attach 
to them. There are.also variations in the state of the relationships 
of different local authorities with the Alkali Inspectorate. However, 
though there may be friction sometimes between local authorities.
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particularly the more go-ahead ones ( 281), and the A.I., both 
the local authorities and the Inspectorate prefer to use persuasion 
rather than coercion. Between 1970 and 197^  only 2 to 5% of 
contraventions under the Clean Air Acts resulted in prosecution - 
even less than the 5 to 8% under the Alkali Act over the same 
period. Where prosecutions have succeeded the average fine for 
offences under the Clean Air and Public Health Acts has been about 
£30 in recent years, also less than the corresponding figure of £70 
under the Alkali Acts. Without a change of attitude on the part of 
the responsible bodies towards the frequency of prosecution and its 
severity, the elevation of the maximum fine for air pollution 
offences from £100 to £U00 by the Control of Pollution Act (Schedule 
2 ss. 19 and 26) is unlikely to have much effect.
U.U Central - Local Dichotomy
As far as pollution is concerned, the division of responsibilities 
between central and local authorities is unique to the air. There was, 
until recently, no overlap of legal functions between the Alkali 
Inspectorate and local authorities. The 1968 Clean Air Act (s. 11) 
deprived local authorities of the limited powers they had to prosecute 
registered works for emissions of grit, dust or dark smoke, and action 
for nuisance under the Public Health Act against a registered work 
is only possible with ministerial consent, which is rarely given. 
However, there is provision under the Clean Air Acts for a local 
authority to apply to the Secretary of State for an order transferring 
jurisdiction over a scheduled works from the Alkali Inspectorate to 
itself. Though not greatly used, such descheduling could occur if 
the process concerned gave rise to many local complaints and the 
measures necessary for adequate control of pollution were within the 
capabilities of the local authority. Fossilr-fueled power stations 
have been suggested as a candidate for the transfer of control from 
the A,I. to local authorities (86 ), but though the object of many 
local complaints, it is far from clear whether they conform to the 
second above-mentioned requirement.
However, the Control of Pollution Act (ss 79-80) empowers local 
authorities to measure and record emissions to the atmosphere and 
serve notices requiring premises, including scheduled premises, to 
modify their emissions - though they must observe the same secrecy 
requirements to which the A.I. is subject. This could be a source 
of friction in the future.
•^5 Achievements of the System
Both overall emissions and ground-level concentrations of 
smoke are barely a quarter of those of 1958-9 ( 325 )• The widespread 
implementation of smoke control orders (see Tables 1 and 2) must 
largely be credited with this improvement. However ; the 7,218,000 
premises covered represent less than half of all dwellings in the 
United Kingdom which, twenty years after the passage of the first 
smoke control orders, is not an unimpeachable record,• While endorsing 
the general efficacy of the Clean Air Acts, the Royal Commission did 
point to certain areas where progress could be speeded up ( 321 S6l).
TABLE IV. 1
Smoke Control Orders in Operation under the Clean Air Act 1956 
Year 1962 1970 1971 1972 1973 197% 1975 1976
Orders, Individual Years 15^  172 237 330 377 339 169 1^ 5
Cumulative 920 3306 35^ 3 3873 4250 4644 4813 4958
Area Covered, Ind Years 8'J5 29.5 40.1 55.0 58.7 71.0 39.0 37.0
(th hectares) Cumulative 377 374 4l4 469 527 6o4 643 680
Source: Social Trends 1976 p I62 H.M.S.O. + 1977 p 172, HMSO.
TABLE IV.2 (RCEP Table l)
Region 15 Sept 1975 % of Target figure
Northern 424 43
Yorks and Humberside 1,023 61
North West 1,357 63
West Midlands 626 39
East Midlands 374 37
South East 482 39
East Anglia 22 12
Greater London 2,805 93
Wales 10 30
TOTAL 7,123 '59
Source: Fifth Report of the Royal Commission on Environmental Pollution
( 321, ).
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In London winter visibility has increased three-fold and sunshine 
in central London has increased 70% since 1958 ( 346 )• There has also been 
a significant diminution in adverse effects on health ( 11- However, so
effective has the Alkali legislation been in curbing smoke emissions
from registered works - by 96% between 1956 and 1973 - that domestic321emissions now account for 94% of all smoke emitted ( gpl^ 2  ^» compared with 
43% in 1952. Thus further improvements in industrial smoke emissions 
would make little difference to the overall air quality, although they 
may be justified on account of any pronounced local effects they may 
have. On a national scale, the main problem lies with domestic emissions 
which, occurring slowly and at a low level can also cause high ground 
level concentrations whereas industrial emissions may be dispersed through 
high chimneys, (The relative importance of domestic and industrial 
emissions is treated in; more detail in Chapter VI.)
The picture as far as sulphur dioxide, by volume the other main 
pollutant, is concerned is less clear. Though incidental to, and not 
a stated aim, of the Clean Air Acts, emissions from domestic sources of SO^  
have decreased by about 45% in the last ten years ( ). Total emissions
however, have increased slightly. It is estimated that a total of 
5.43 million tons of sulphur dioxide was emitted by combustion sources 
in the United Kingdom in 1974 (2T6 ), compared with global emissions of 130 
million tons from anthropogenic sources (iTl )• The largest single source 
is fossil fired power stations which emitted an estimated 2.8 million 
tons in the United Kingdom in 1974 - about half of the country's total. 
Despite increased emissions, ground level concentrations have decreased 
by an average of 45% in urban areas since 1966 ( )  (and by 20% in London) 
largely due to the use of tall chimneys. A further reason could be that 
the reduction in smoke concentrations has led to more of the sun's 
radiation reaching the ground, and this radiation causes turbulence which 
breaks up low level inversions and so helps disperse the SOg. In some 
areas, however, the use of smokeless but high sulphur fuels (high sulphur 
content is not specifically given by the government as a reason to refuse 
authorisation of a fuel) has meant that smoke control has had little 
appreciable effect upon general ground level concentrations, and in some 
rural areas ground level concentrations have increased slightly (325 ).
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4.6 Likely Future System
Though now in the Health and Safety Executive, the Alkali 
Inspectorate may not remain there. The Royal Commission on 
Environmental Pollution was asked by the Department of the 
Environment to consider the whole system of controlling stationary 
source air pollution - this was the first review of air pollution 
since the 1954 Beaver Committee which was set up after the smog 
of 1952 and resulted in the promulgation of the 1956 Clean Air Act — 
and going beyond its initial aim of restoring the A.I. to the D.O.E.,
(270 ) took advantage of the situation to propose several changes 
in the system.
In its 5th report, the Royal Commission praised and criticised 
the A.I. in roughly equal measure. It recommended retention of the 
main criteria by which the A.I. operated - use of b.p.m., and 
co-operation with industry - but modified so as to make them more 
efficient and less open to criticism. In its endorsement of b.p.m. 
as inherently superior to control by nationally fixed and rigid 
emission standards it proposed an extension of the system to other 
forms of industrial pollution (321 S 163-6). "There should in addition 
be powers to limit the rate of discharge of a specified pollutant and, 
in the ultimate, to ban its release"(321 8200). However, to get round 
some of the deficiencies in the way in which b.p.m. criteria were 
used by the A.I. in the past, the Royal Commission recommended that 
b.p.m. should be used together with air quality guidelines (AQGs).
While opposed to uniform, statutorily enforceable emission standards, 
such as those suggested by the E.E.C., the Royal Commission does think 
more attention should be paid to air quality, rather than emissions.
The AQGs would be a band of concentrations beyond which immediate 
steps should be taken to reduce pollution and below which it would not 
normally be worthwhile to reduce a pollutant. Such guidelines were 
proposed for smoke, sulphur dioxide, oxides of nitrogen, lead, carbon 
monoxide and possibly other pollutants. More sophisticated monitoring 
systems than are now in use would be necessary.
The most radical suggestion of the Royal Commission however, took 
it beyond the problem of air pollution alone. It pointed out that many 
processes produce pollution in different media and that lack of 
integrated control has damaged the environment in some cases.
Furthermore, pollution cannot always be eliminated but is more frequently
transferred from one form to another by control procedures. Therefore,
the Alakli Inspectorate should be subsumed into a new integrated control agency
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which would operate along the lines described above, but deal with all -the 
pollution problems, whether of air, land or water, from registered 
processes. Just as air pollution control is shared with the local 
authorities, so water would be shared with the water authorities and toxic 
wastes with the waste disposal authorities. But whereas a water authority 
may refuse consent for a particular effluent discharge, but cannot force, 
the installation of a treatment plant, and a waste authority may make 
regulations for the safe disposal of toxic waste but has no power to 
make the factory alter its process so that the waste is not produced in the 
first place, the new Pollution Inspectorate would determine how the process 
could be best modified to eliminate or reduce any pollution. It would 
liaise closely with water and waste authorities while not encroaching upon 
their authority. Eventually its remit might come to include other forms 
of pollution such as oil at sea. As I write this, however, 2| years after 
the RCEP’s 5th report, it is thought unlikely that the Government will 
adopt this particular recommendation.
The Commission agrees with the Alkali Inspectorate that co-operation 
rather than confrontation with industry works to the general benefit 
of pollution abatement, that prosecution should remain as a last 
resort, and that rigid enforcement would lead to an expansion of the 
A.I. which would change the balance of its work and ultimately be 
detrimental to its role as a specialist body. However, they also 
recommend that prosecution should not be shunned but facilitated by 
a changed consent system. Moreover, more publicly accountable methods 
should be used and there should be greater public participation in the 
setting of national b.p.m.
The division between central and local control was another feature 
of the air pollution control system which the Royal Commission thought 
should be retained. But it advocated greater powers for local authorities 
over air pollution from non-scheduled works. No longer should local 
authorities and the Alkali Inspectorate operate under such different 
legislative systems. (The extension of b.p.m. has already been mentioned.) 
There should also be greater collaboration between local authorities and 
the Alkali Inspectorate, By more active involvement with registered works 
Environmental Health Officers could report violations, thus helping the 
A.I. with problems of enforcement caused by inadequate monitoring 
by instruments and by visual inspection . Where local technical
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competence was sufficient, the E.H.O’s could act as agents for the 
central Inspectorate on a deputy sheriff basis, or, ultimately, the 
processes could be transferred from central to local control as 
local expertise is developed.
4.7 Air Pollution Law and Energy Industries
4.7 .1  Electricity
Power, stations have been registered as "electricity works"
under the Alkali Act since 1958. The only standards of emission set
relate to particulates, defined to include smoke, dust, grit and
fumes, and are set out in "Best Practicable Means for Electricity
Works" in the Annual Report of 1974 (293 Appendix VII). The 19583standard of 17.2 grain/m for particulates has been successively3reduced to today’s 2.2 grain/m and total particulate emissions from 
power stations fell from over 1,000,000 tonnes in 1958 to 191,000 
tonnes in 1972 ( 291), However, recently pollution control in the 
electricity industry has suffered several set-backs and the Inspectorate 
has become increasingly impatient with those stations unable to meet 
emission standards, as evidenced by the infractions it has issued 
against them and the previously mentioned unsuccessful attempt to 
prosecute Battersea Power Station for inefficient use of its sulphur 
dioxide scrubber.
By 1969 delays in the commissioning of new stations had led to 
the prolonged operation of older ones which could not meet emission 
standards, and the Inspectorate began in its annual reports to express 
dissatisfaction with the performance of the C.E.G.B. in pollution 
control, and particularly with its public relations. Attempts to 
minimise pollution were further frustrated in 1970 by the poorness and 
variability of coal quality, a situation which was exacerbated by the 
miners’ stike in 1972, when coal reclaimed from old stock piles 
contained up to 60% ash. The inspectorate was that year "far from 
satisfied with the achieved performances" and "tough discussions" were 
held "with all concerned to the highest management levels" ( 291 p 42). 
But the events of 1974 - the energy crisis, the miners’ strike and the 
three-day week - finally forced the Inspectorate to concede that 
because abatement equipment could not cope with the unsuitable fuels 
that power stations were constrained to burn at that time and in the 
prevailing economic climate the country could not afford to install 
expensive new equipment, some stations could simply not meet required 
standards, and "the public may have to experience a slight decline in
the quality of the environment in some parts of the country" ( 293 p 59),
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There are no standards placed on 80  ^emissions, although the 
Control of Pollution Act contains a section (s. 76) enabling the 
Secretary of State for the Environment to limit the sulphur content 
of fuel oils. Were such a limit to be imposed, as might happen in 
the event of pressures from the E.E.C. to conform with the legislation 
of other member countries on power station fuel, the Alkali 
Inspectorate would be responsible for enforcing it. However, at the 
moment the conditions in "Notes on Best Practicable Means for 
Electricity Works" relating to 80^  deal only with the way in which 
it is dispersed, requiring the flue gases to be discharged through tall 
stacks and reflecting the overall philosophy of pollution control in 
this country.
No reference is made to NO^ emissions from power stations in 
the legislation.
4.7.2  The Coal Industry
Since collieries do not present serious air pollution problems, 
the relevant local authorities are responsible for ensuring that 
boilers use suitable abatement equipment.
However, the N.C.B. operates a number of substantial coal 
processing complexes, based mainly upon coke ovens. There are also 
several plants operated privately (eg "Coalite" and "Rexco" plants).
Low temperature carbonisation plants such as those operated by the 
N.C.B. are inherently difficult to operate without causing pollution 
and are scheduled under the Alkali Act as "Gas and Coke and Producer 
Gas Works". They have been the subject of many complaints (for example, 
the Alkali reports of I965, 1971 and 1974 mention complaints against 
the "Phurnacite" plant), chiefly about odours, a problem to which the 
Chief Alkali Inspector could in 1974 see no solution in the "foreseeable 
future" (293 p 67).  There have also been complaints about visible 
fumes and particulate matter deposition.
4.7.3. The Oil Industry
Air pollution from oil refineries comes under the jurisdiction 
of the Alkali Inspectorate. In Notes on "Best Practicable Means for 
Crude Oil Refineries" ( 293 Appendix IX) provisions are made to prevent 
the escape of hydrocarbons by evaporation, for the treatment and 
prevention of smells, the prevention of particulate emissions and the 
dispersal of 80^  emissions.
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A code of practice to minimise spillages and evaporation of 
the crude oil, intermediate and final products during handling and 
storage is outlined. Smells, particularly that of hydrogen sulphide 
must first be kept to a minimum, and where they do occur, treated 
by burning the offending gas.
Smoke arising from crude oil heaters and pipestills must not 
exceed shade 1 on the Ringelmann chart, while that from catalytic 
crackers is subject to standards set by the Alkali Inspector at the 
design stage "in the light of available technology and operating 
experience at the time" ( 293p 93).
SOg emissions from the burning of oil as fuel and sulphur recovery 
plants are subject to the same dispersion through tall stacks as in 
electricity works.
5 Freshwater, Estuarial and Coastal Water Pollution
5.1 The General Law
The main statutory provisions for dealing with freshwater pollution 
lie within the Water Act 1973 which lays the administrative foundations, 
and the Rivers (Prevention of Pollution) Acts 1951 and 196I which set 
out the legal framework. However, when the relevant parts of the 
Control of Pollution Act 1974, which have been deferred due to the 
current economic climate since they would require considerable expenditure, 
come into force, these will implement far more comprehensive controls 
than the Rivers (Prevention of Pollution) Acts which they will largely 
replace ( 310.
The Water Act 1973 established 10 regional water authorities 
whose functions and areas of control went far beyond those of the river 
authorities which they were replacing. Under each water authority lay 
responsibility for the entire water cycle in a particular region, 
and for water conservation, supply, sewerage and sewage disposal,
prevention of river pollution, protection of fisheries, land drainage
and recreation. The water authorities are subject to directions from 
the Secretary of State for the Environment and Ministry of Agriculture, 
Fisheries and Food.
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Under'the Rivers (Prevention of Pollution) Act 1951 (s 2) it is an 
offence to cause or knowingly permit polluting, poisonous or noxious 
matter to enter a stream, defined to include any non-tidal water­
course or inland waters apart from rivers, lakes or ponds not 
discharging to a stream.
Section T prohibits new discharges of industrial or sewage 
effluents into streams without a consent granted by the appropriate 
water authority. The authority can refuse consent or attach conditions 
to it, although under section TO of the I961 Act there is a right of 
appeal to the Secretary of State against the Authority’s decision.
The provisions of the Rivers (Prevention of Pollution) Acts can 
be extended to specified tidal waters, estuaries and adjoining parts of 
the sea by order of the Secretary of State; RPPA (1951 s6). A few minor 
estuaries are controlled fully by order, and the condition of the 
tidal Thames, which has been under full control through special 
legislation since 1968, has much improved in recent years (303 ). 
Moreover, the Clean Rivers (Estuaries and Tidal Waters) Act I96O 
broughtunder control new or altered discharges to most estuaries and 
parts of the sea.
However, when part II of the Control of Pollution Act 1974 is 
fully implemented it will automatically extend the powers of the 
water authorities for the purposes of pollution control to "the sea 
within three nautical miles of any point on the coast measured from 
low water mark of ordinary spring tide, such other parts of the 
territorial sea adjacent to Great Britain and any other tidal waters 
in Great Britain" OOPA (856 (l), and also to underground waters that may 
be specified by legislation, and to land from which a discharge may 
find its way into water. The Control of Pollution Act 1974 will cover 
virtually all forms of water pollution including dishcarges through 
pipelines to tidal waters and discharges from active mines, which 
were exempted by previous legislation. As before, the water authorities 
will exercise their control through the granting of, and conditions 
attached to, consents. Since no standards are prescribed by law, the 
water authorities, like the Alkali Inspectorate have considerable power 
in determining what sorts of discharges to permit, although their 
decisions will still be subject to appeal to the Secretary of State,
Even with a consent, however, which absolves a person from criminal 
liabilities, nothing in the statutes protects him from action at Common 
‘Law for damages or a suit for injunction.
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Although the bulk of anti-water pollution legislation is 
contained within the Rivers (Prevention of Pollution) Acts and 
will soon be under the Control of Pollution Act 1974, discharges 
to water without the necessary consent may also be an offence 
under several other acts. The Salmon and Freshwater Fisheries 
Act 1975 prohibits any person from putting, or knowingly permitting 
to be put, into water containing fish any liquid or solid matter 
which will cause the water to be poisonous or injurious to fish 
or their spawning grounds (ss 4 and 5). It also empowers water 
authorities to make byelaws regulating the deposit or dishcarge of 
any liquid or solid matter injurious to salmon, trout or freshwater 
fish in waters containing fish. The law relating to trade effluents 
is still partly contained within the Public Health (Drainage of 
Trade Premises) Act 1937 and the Public Health Act I96I, while that 
concerning drains and sewers remains largely under the Public Health 
Act 1936. On a more general level, section 38 of the Countryside 
Act 1968 urges the Countryside Commission and the local authorities 
to have due regard to protection against water pollution in the 
exercise of their duties.
5.2 Water Pollution Law and the Energy Industries
The energy industries do not pose a very great threat to inland 
waters and estuaries. As far as the impact they do have is concerned,
the water authorities are responsible for the control of discharges
from active mines, imposition of temperature limits upon heated 
dischhrges from power stations, oil refining discharges and cleaning 
any oil (whatever its source) that might interfere with public water 
supply^block sewage works and spoil the character of a river. However, 
there is no legal responsibility established for controlling acid mine 
drainage from disused mines, the main cause of water pollution from 
coal mining.
6 The Law Relating to Pollution of the Sea
6.1 Oil at Sea
6.1.1 Introduction
Most legislation pertaining to marine pollution deals with the 
activities of the oil industry for it is these which pose the greatest 
threat. The law concentrates upon preventing rather than curing oil 
pollution. Responsibility for its enforcement is shared by the
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government, through the Department of Trade, and the oil industry, 
both of which also have facilities for cleaning up a spill once 
it has occurred (229 ) though there is no statutory obligation 
upon anyone to do so or make plans to do so.
6.1.2 Prevention of Pollution from Exploration and Exploitation 
of the Sea Bed
Control of pollution from offshore workings consists of several 
elements. Before an operator can startjhis plans must be approved 
by both the Departments of Energy and Trade, and he must obtain a 
licence under the Petroleum (Production) Regulations 1966 which may 
contain conditions regulating the way his operations are carried . 
out. Every offshore installation also needs a valid certificiate 
of fitness, under the Mineral Workings (Offshore Installations) Act 
19T1 ( 415).
Once operations have begun the Prevention of Oil Pollution Act 
1971 (s 3) bans all discharges to the sea, though the Petroleum and 
Submarine Pipelines Act 1975 (s 45 (2)) allows for certain exemptions 
to be made; and inspections of an offshore installation may be made 
by the Department of Energy's Petroleum Production Inspectorate.
In the event of a spillage the first line of defence is the 
United Kingdom Offshore Operators Association (UKOOA) which has stocks 
of low toxicity dispersant and spraying equipment ready for use on 
commercial vessels at short notice at ports around the UK (l34 )•
6.1.3 Prevention of Pollution from Shipborne Oil
As far as preventive measures for pollution by oil from tankers 
are concerned, controls are implemented through legislation derived 
from conventions of the International Maritime Consultative Organisation 
(IMCO). The main UK legislation is found in the Oil in Navigable 
Waters Acts 1955 and 1963, which implement the 1954 Convention for 
Prevention of Pollution of the Sea by Oil as amended in 1962, which 
deals with deliberate and routine discharges from ships, and the 1971 
Oil in Navigable Waters Act which implements the I969 amendments to 
this convention, as well as the principles of the 1969 Convention on 
Intervention on the High Seas in the case of Oil Pollution Casualties. 
The Prevention of Oil Pollution Act 1971 consolidates these provisions 
and introduces further ones.
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With respect to routine and deliberate discharges the Oil 
in Navigable Waters Acts forbid the dishcarge of any oil from 
ships of any nationality within UK territorial waters (4l6 ), 
and limit discharges by UK-registered ships outside these waters.
The maximum fine for illegal discharges was increased by the 1971 
Oil in Navigable Waters Act (s 7) from £1,000 to £50,000. The 
problem, however, is enforcing the law. It is not always possible 
to identify which ship caused an oil slick, though sampling 
techniques are being developed to help in establishing guilt.
However, the largest and most likely single source of oil 
pollution is that of a tanker accident. Section 8 of the Oil in 
Navigable Waters Act 1971 implements the 1969 IMCO Convention on 
Intervention on the High Seas in Cases of Oil Pollution Casualties 
which empowers the Secretary of State to take effective action 
against a ship which, by reason of a marine accident, is threatening 
to pollute the coast. These powers may be extended by Order in 
Council to foreign ships outside territorial waters if a similar 
threat is posed.
Other measures have also been taken to reduce the possibility 
of tanker accidents or diminish the scale of damage should they occur. 
Hence, in 1972 the UK implemented an IMCO recommendations to separate 
opposing streams of traffic in the English Channel through which much 
of the oil carried to North West Eui'ope passes ( 4l4 ). The Merchant 
Shipping Act 1974 implemented a 1971 amendment to the 1954 IMCO 
Convention before it came into force internationally, which limited the 
size of individual cargo oil tanks in large tankers.
In 1969 The Convention on Civil Liability for Oil Pollution 
Damage made tanker owners strictly liable for damage caused by an 
oil spill, including claims by a government for expenditure on 
preventative measures. This liability must be covered by insurance, 
but there is an upper limit of £5.8 million. The Merchant Shipping 
(oil Pollution) Act 1971 provides for the UK to ratify this Convention. 
There are also two voluntary compensation schemes, one operated by 
major tanker owners - the Tanker Owners Voluntary Agreement Concerning 
Liability for Oil Pollution or TOVALOP, and one by the major oil 
companies - the Contract regarding an Interim Supplement to Tanker 
Liability for Oil Pollution or CRISTAL. A further scheme OPOL,
Offshore Pollution Liability Agreement, provides for payment by 
operating companies of compensation for damage resulting from oil 
pollution attributable to offshore operations in the United Kingdom
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sector of the Continental Shelf. Strict liability applies to a 
limit of 016 millions per incident.
Every time there is a major oil spill from a tanker there is 
a great public outcry and a flurry of government activity. This 
happened after the Torry Canyon disaster. But ten years later the 
lessons learnt could not prevent two other major incidents with 
the Amoco Cadiz and the Eleni V. As a result of the latter, the 
government once again promised a sweeping review of anti-pollution 
measures. The review concluded that in the present state of 
technology serious pollution accidents cannot be guaranteed against 
and must be expected in the Channel about once every ten years (253 ).
It would thus be wasteful to divert more resources to anti-pollution 
measures to clean up so infrequent an occurrence and emphasis was 
laid on reorganising the system by creating a new Contingencies 
Planning and Operations Unit within the Department of Trade’s 
Marine Division to deal with oil pollution. However, there is much 
scepticism about the efficacy of such measures for preventing 
occurrences which are due to human error more than anything else.
The best policy might be an international effort to eliminate 
sub-standard tankers and crews.
6.2 Dumping at Sea
It is often at the expense of the sea that the problems of 
pollution of rivers or land are solved. The extensive use of the 
sea as a dumping ground for wastes, whether of sewage, colliery 
waste, pulverised fuel ash, toxic chemicals or radioactive wastes 
has been legislated against by the Dumping at Sea Act 1974, which 
enables the UK to ratify Conventions held in Oslo and London on the 
subject. No dumping may be carried out by any ship in UK territorial 
waters or by any British ship (hovercraft, aircraft or marine structure) 
anywhere in the sea unless a licence to do so has been granted by 
the Minister of Agriculture, Fisheries and Food. Wastes dumped 
within the three mile limit are subject to control by the Water 
Authorities.
6.3 Land Based Sources of Pollution at Sea
It has been estimated that land based sources contribute at 
least ten times as much oil to the sea as tankers and offshore drilling 
( 4l ). Measures to counteract this and other land based pollution 
were initiated at a Convention signed in Paris in June 1974 by the
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countries of the North-East Atlantic and North Sea seaboards, 
as well as countries with rivers flowing into these areas. Under 
its terms, the contracting parties undertake to eliminate pollution 
of the seas up to the freshwater limit through the discharge of 
specially noxious substances such as organohalogen compounds, 
mercury, cadmium and persistent synthetic materials, oils and 
hydrocarbons, and to limit pollution through the discharge of other 
less noxious or less persistent substances (320 S 124). The discharge 
to the sea of oil from pipelines or land based sources, apart from 
refineries (which are subject to control by the water authorities) 
is prohibited by the Prevention of Oil Pollution Act 1971. The 
Control of Pollution Act will reinforce control over all land based 
discharges to sea.
6.4 The Other Energy Industries and Pollution of the Sea
In 1972 2g million tons of colliery waste were tipped into the 
sea from cliff tops between Hartlepool and Sunderland and a further 
Ig million tons from coastal collieries was dumped at sea beyond the 
three mile limit. 500,000 tes of pulverised fuel ash from power 
stations on the North East Coast was also dumped at sea (319 Appendix A). 
However, the amounts of both forms of waste that have to be dumped 
each year are declining as alternative methods of disposal, and uses, 
are found for them. Sea dumpings that do occur must also now be 
authorised by the Ministry of Agriculture, Fisheries and Food which 
under the Dumping at Sea Act 1974 may impose such conditions on the 
dumpings as are necessary to protect marine resources.
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The Law Relating to Land Pollution
7.1 Introduction
In the case of discharges into the air or water, the definition 
of what constitutes pollution presents many problems, A discharge 
may in certain circumstances he innocuous and in others cause environmental 
damage depending on the way and amount in which it is released, and 
exogenous factors such as the dispersive capacity of the medium which 
receives it and the conditions prevailing therein. What is meant by 
land pollution is subject to even more qualifications.
Quite apart from the physical impact of large developments and 
their waste on the land, aesthetic considerations play a larger part 
with land pollution than any other form. The problems of defining and 
measuring land pollution, and indeed all forms of pollution, are dealt 
with in Chapter VI.
This difficulty in defining land pollution is reflected in the . 
legislation relating to it. Since each development is unique, no 
standards can be adopted, and even if they could be it is unlikely they 
would be in a country which has an aversion to standards in any field 
of pollution control'. There are general laws which are aimed at 
protecting the land, such as the Countryside Act 1975, section 11 of which 
lays a statutory responsibility on any body using powers relating to the 
land under any act "to take account of the desirability of conserving 
the natural beauty and amenity of the countryside", and the National 
Parks and Access to the Countryside Act, though the efficacy of the 
latter Act has been challenged ( 15). There are also amenity sections in 
certain acts aimed specifically at particular energy industries, such as 
section 37 of the Electricity Act 1957, section 43 of the Pipelines Act 
1962 and section 3 of the Opencast Coal Act 1958, But with the exception 
of opencast mining, the main safeguards for the land are to be found in 
planning law, under the Town and Country Planning Act 1971, as amended 
by the Local Government Act 1972,
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7.2 The Present Planning System
There are two kinds of planning. The first kind is initiated 
hy the planning authority, usually the County Council, which, under 
the Town and Country Planning Act 1971, must draw up "structure 
plans" outlining general policies for the development and other use 
of land under its jurisdiction over the next few years. These plans 
include policies for housing, location of industry, transport and 
open land. The second type of planning covers "development control", 
in which a planning authority, usually a District Council, reacts to 
proposals put forward hy potential developers. Development means 
the carrying out of building, engineering, mining or other operations 
in, over or under land, or the making of any material change in the 
use of any buildings or land. Hence, nearly all physical manifesta­
tions of the energy industries are subject to development control and 
require planning permission.
An application for planning permission may be "called in" by 
the Secretary of State for the Environment and subjected to a local 
public enquiry at which the objections of those affected by the 
proposed development are heard and appraised by an inspector who 
reports his findings to the Minister. This- usually happens to 
developments of regional or national importance, such as proposed 
motorways 5 and as happened with the Windscale Inquiry. Moreover, 
under the Town and Country Planning Act 1968 (ss 6l-3) there is an 
as yet unused facility for a minister to refer a proposal of national 
or regional importance or of a highly technical or scientific nature 
to a Planning Enquiry Commission consisting of a Chairman and two 
to four members. It is envisaged that such a commission would consist 
of two stages, the first of which looked at the broad issues of whether 
the need existed and the second of which looked at the local issues. 
Such a procedure seems of particular relevance to energy^ related 
developments.
7.3 Pollution and Planning Decisions
Environmental considerations may find expression through the 
planning procedure either by contributing to the factors which lead 
to the refusal of planning permission or through the conditions subject 
to which permission is granted. The conditions may relate both to the 
way the development is carried out and, when it is finished, to the 
after-care or restoration of the site.
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Howeyer, despite these, provisions for the incorporation of environ­
mental aspects into planning decisions, it has Been claimed that 
pollution is inadequately treated in planning (82, ). First of all 
pollution is but one of many considerations which have to be taken 
into account in planning decisions, and may have a low priority 
compared with factors such as job creation. Moreover, since there is 
no formal structure for dealing with pollution - it is dealt with on an 
ad-hoc basis in planning - and planning authorities may often lack the 
necessary expertise to deal with pollution, different local planning 
authorities adopt different criteria in evaluating the pollution 
implications of a project.
A further objection to the treatment of pollution during the 
planning process derives as much from the general nature of the planning 
procedure itself as from the special difficulties which pollution so 
often presents. Most major developments have to go through public 
enquiries. But, while a company or industry proposing the development 
may have all the necessary facts at its disposal, the general public 
may not be sufficiently well informed to make a convincing case.
The situation is aggravated by the fact that developers are not normally 
required to supply full details of their proposals until the enquiry 
begins, unless the Secretary of State decides otherwise. Even if the 
evidence does weigh against the development, if it is only the experts 
from the industry who have access to it they may be reluctant to challenge 
their own industry in public. The public is also at a disadvantage 
in terms of organisation, and even for an organised public the present­
ation of a well prepared case may be too expensive, involving as it does 
consultant and legal fees. Against these points must be set the many 
examples where the public, in the form of local pressure groups, has 
been most effective in stopping or delaying major projects on the grounds 
that they will impair local amenity, as with opposition to the siting 
of the third London airport at both Cublington and Stanstead (see 
Chapter II), and more recently the disruption of motorway enquiries.
In the case of motorways, however, the success of the objectors 
often derives from their stepping outside the constitutional framework 
by disrupting the proceedings. In order to reinstate a more orderly
io4
debate, the Leitch Commission ( 286) recommended that objectors be given 
more information and the arguments of the Department of Transport be 
subject to more scrutiny than has hitherto been the case, thus acknow­
ledging that objectors did not always enter inquiries on equal terms with 
the developer. Moreover, some other suggestions, which will be discussed 
in the next chapter, have been put forward for dealing with energy- 
related developments, which, if adopted, would go a long way towards 
further accommodating the criticisms of the system, especially with respect 
to public participation. Even now, if the proposed development is 
large and likely to raise a lot of objection, details do usually have to 
be given in advance, and the use of Planning Inquiry Commissions in 
future for such developments is likely also to improve the decision­
making process.
7.4 The Law Relating to Coal
7.4.1 Underground Mines
Underground mines come under planning law as described above. 
Furthermore, the N.C.B. has a legal responsibility to repair any 
structural damage to properties. The planning conditions may relate to 
the actual mining operation, as in Selby where unworked pillars of 
coal are to be left under certain buildings which would otherwise be 
threatened, and in the interest of limiting subsidence where it might 
cause flooding certain areas are not to be mined at all. Or they may 
concern the appearance of the mine above the ground, imposing limits 
on the heights of pit-heads or the size of coal piles (34o).
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7.4.2 Opencast Mines
Opencast coal mines require special consent from the Secretary of 
State for Energy under the Opencast Coal Act 1958, section 3 of which 
gives statutory recognition to the importance of the natural beauty of 
the countryside. The procedure includes provision for the advertisement 
of an application, the lodging of objections and the holding of 
enquiries similar to those held under planning law except that the 
Secretary of State for Energy, rather than his counterpart at the D.O.E., is 
the responsible minister for all these matters as well as for attaching 
conditions with respect to the restoration of the worked-out land. Thus 
local authorities have no place in the exercise of development control 
over the working of opencast coal, though they remain responsible for 
the coal element in development plans and for the enforcement of any 
conditions included in a direction given by the Secretary of State,
7.4.3 Tips and Solid Wastes
Tipping and mineral working was first brought under planning control 
by the Town and Country Planning Act of 1947. But, apart from planning 
conditions, coal tips are subject to the special conditions laid down 
by the Mines and Quarries (Tips) Act 1969, which relate to the safety 
and stability of the tip. Active tips are the responsibility of the 
owner or manager of the mine with which the tip is associated, while 
the prevention of public danger from disused tips is up to the local 
authority.
Wastes from mines or quarries are specifically excluded from the 
provisions of the Control of Pollution Act 1974 for dealing with the 
dumping of solid wastes (s30(3)(c)(i) ) Like other acts dealing with solid waste, 
such as the Public Health Act 1936, the Control of Pollution Act is 
concerned mainly with small accumulations. However, subject to certain 
conditions, it does entitle the N.C.B. to dispose of waste underground(s.25). 
But it also states that if solid refuse from a mine is deposited on land 
from which it may fall or be carried into restricted waters, the consent 
of the relevant water authority is required (s.31(3)(a)).
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7.5 The Law Relating to the Oil Industry
The shore based installations necessitated by the oil industry - 
deep sea ship yards, tanker terminals, refineries - all require 
planning permission to which the usual conditions relating to amenity 
may be attached. In addition, refineries may be subject to extra 
conditions made by the Secretary of State under the Submarine Pipelines Act 
1975.
7.6 The Law Relating to Electricity GèneràtioL
Consent to build a non-nuclear power station must be obtained 
from the Secretary of State for Energy under section 2 of the Electricity 
Lighting Act 1909, as amended by the Electricity Acts of 19^ 7 and 1957, 
and carries with it deemed planning permission. The consent considers 
details of both the station itself and transmission from it. However, 
if the local planning authority objects to the application, or seeks 
to impose conditions unacceptable to the CEGB, the Minister is obliged, 
under the Electricity Act 1934 (s.34), to call a hearing or a public 
enquiry along the lines of those held under the Town and Country Planning 
Act.
Offsite developments however do not carry deemed planning 
permission under the Town and Country Planning Act but must be 
separately negotiated with the local planning authority concerned under 
this act. Ash disposal on land not adjoining the power station site 
would fall into this category.
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8.0 Comparative Legislation
The British, approach to pollution control is unique. Above all 
it emphasises the importance of the quality of the environment rather 
than the way in which the desired quality is achieved. The end justifies 
the best practicable means and standards may vary according to local 
circumstances. As such it is far more sophisticated, and economic, than 
the American system which concentrates on emission standards, while 
setting less flexible environmental quality objectives, and which most 
other countries emulate in their legislation. The disadvantage is that 
it may sometimes be too lax.
8,1 The United'States
Today environmental quality is a major issue in the U,S, This 
reflects a reaction to many years of environmental neglect; "The 
pioneer experience, the frontier tradition, individualism, the illusion 
of endless natural wealth and a strongly materialistic set of values had 
culminated in a social attitude that has long inhibited public efforts 
to protect or manage the natural environment"(139}. in the absence of any 
well defined pre-established control structure, many diverse aspects of 
pollution were considered simultaneously when their control was 
integrated under the Environmental Protection Agency which was formed in 
1970. The EPA is responsible for all pollution of air and water as 
well as that of pesticides, solid wastes and radiation.
This sudden upsurge in concern over the environment in the U.S. 
resulted in the passage of several laws which, designed as they were to 
deal comprehensively with the various and hitherto neglected forms of 
pollution at which they were directed, were often very stringent and 
inflexible. For example, the 1970 Clean Air Act set nationwide air 
quality standards. The country was divided into 247 Air Quality Control 
Regions, each of which was responsible for controlling pollution under 
its jurisdiction by setting appropriate emission standards for all 
polluters so that conformity with national standards was achieved. 
Violation of the standards could be punished by a fine of $25,000 for 
each day the limits were exceeded, or one year’s imprisonment. This 
may be compared with a maximum fine of £400 in the U.K. for air and fresh­
water pollution.
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In fact, the Clean Air Act proved to be unenforceable with, existing 
technology. Nevertheless,, the thoroughness of the approach to pollution 
control which it exemplifies is reflected in much of the other American 
pollution control legislation. Under the National Environmental Policy 
Act 1969, all proposals for projects which impinge upon the environment 
must be accompanied by an "environmental impact statement" which gives 
a detailed account of all the environmental repercussions not only of 
the particular project at hand, but also of all possible alternatives. 
Apart from this, the environmental aspects of strip mining, drilling on 
the outer-continental shelf, supersonic transport, the Alaska pipeline, 
solid wastes, pesticides, ocean dumping and water quality are other 
issues to which a great deal of Congressional time, and in some cases 
legislative zeal, have been devoted ( 363).
8.2 The EEC
The EEC has been involved in quality of life issues since 1973 
when the Council of Ministers declared that improvement in the quality 
of life and protection of the environment are fundamental objectives of 
the communityo This declaration was added to article 2 of the Treaty of 
Rome, which states that the paramount purpose of the EEC is the promotion 
throughout the community of the harmonious development of economic
activities and a continuous and balanced expansion.
Most EEC countries follow the U.S. in stressing the control of 
emissions. In the case of SO^  some do this by imposing standards upon, 
or taxing, the sulphur content of the fuel rather than the amount of
gas which leaves the stack. However, no comparison of the efficacy
of different control strategies in terms of ground level concentrations 
has been performed.
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9 , The. Future
9.1 Air and Water Pollution
Quite apart from pressures within the U.K. from the Royal Commission 
on Environmental Pollution and critics of the Alkali Inspectorate to 
change the system of pollution control, membership of the EEC has brought 
with it pressures- from outside to conform to the standards in other member 
countries. One of the principal reasons is not environmental but 
economic. Certain of the EEC countries feel that the U.K. has an 
unfair competitive advantage in not having to implement controls as 
stringent as those in other countries. In fact, the pragmatic U.K. 
approach to pollution control could be an attraction to foreign investment. 
But because the natural environment of the U.K. is particularly well 
suited to the dispersion of pollution, it would be an unnecessary and 
expensive burden if standards as strict as those in other countries 
were imposed. While the use of international standards are necessary 
in cases such as the Mediterranean and the Rhine, both of which are not 
only the concern of many countries but are also prone to pollution, British 
rivers are fast flowing and the surrounding seas are rough and tidal, 
so that pollution of these is readily dispersed. Similarly, the strong 
winds that blow over the U.K. mitigate the effects of air pollution.
The EEC accepted this rationale in the case of water pollution in allowing 
the U.K. to continue to operate its own control system (382 ), but the air 
pollution issue is still in contention (386.) and its outcome may be 
influenced by the results of studies of transfrontier pollution by SO^ .
9.2 Environmental Impact Statements (EIS)
Another area in which pressures from both within the U.K. and the 
EEC may lead to future developments is that of the use of environmental 
impact statements similar to those used in the U.S.* On the continent 
France is the latest country to adopt the use of the EIS, which has been 
compulsory there since the beginning of 1978. In the U.K. advocacy of the 
use of EIS’s has come from several sources, particularly in connection 
with the present planning system. A working party on energy and the
E^nvironmental Impact Statements were first introduced in the US under the National Environmental Policy Act of 1969 which required that such statements, looking not only at the environmental impact of the proposed development but also at alternatives to the proposed action, be prepared on every proposal for Federal Legislation and other actions with Federal support that significantly affect the environment.
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environment thought that EIS would help both, local authorities in reaching 
planning decisions, and aid local residents who attend public enquiries 
by redressing an alleged imbalance between information held by the 
industry concerned and that at the disposal of the general public (8 2 ).
The use in planning procedure of EIS's prepared by the developer
was suggested by Mr George Dobry in a review of the development control
system ( 34l), and endorsed by the Royal Commission on Environmental
Pollution both generally (^ ^^  ), and with specific reference to thes351 /321 • \evaluation of alternative nuclear s t r a t e g i e s A n d  in 1974
the Committee of Oil Development Council for Scotland proposed impact
analyses to be undertaken by the government before the public enquiry
stage is reached in oil-related developments ( 306 ) ->
The subject of EIS for oil-related developments was also raised at 
a conference on the "Impact of Offshore Oil Operations"(71 ). Since 
the efforts of these initial advocates of the EIS cause support for the 
EIS has been gathering momentum, ( l63 ) • The Windscale Inquiry brought to light 
many more proponents of the EIS approach.
In a draft outlining the EEC’s environmental programme for 1977 to 
1981, the Environmental Ministers of the Community also recommended the 
possible use of EIS’s be investigated. Though applauded by environmental 
groups, the adoption of a system based on EIS's is anticipated with less 
enthusiasm by official and industrial sources. The U.K. planning system 
is probably already one of the most advanced in the world, and there is 
a feeling that with an already elaborate procedure for land use planning 
EIS's are not necessary. The CEGB objects to EIS's as overthorough and 
time-consuming since they attempt to answer every possible question in 
advance ( 335 ). The government too considers present planning procedure to 
pay sufficient attention to environmental aspects and will probably call 
for studies to see how EIS's can be blended in'with existing planning 
law (255 ). Again there is a fundamental difference between the pragmatism 
of the U.K. approach and the more rigid line proposed by the EEC and 
environmentalists. A further point is that the planning approach to 
issues such as power station siting in the U.K. creates a greater 
willingness to compromise than in the U.S. where a formal judicial approach 
creates legal precedents which have to be followed in all cases regardless 
of the individual site's characteristics (267 )•
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10. Conclusion
The Inadequacy of the conmon law in dealing with pollution has led 
to the development of a complicated network of statutes. The long history 
of pollution legislation in the UoK. can be traced back to an ordinance 
issued in 1273 which prohibited the use of Newcastle sea coal in London, 
while laws on water quality were passed in 1388. However, it was not 
until the Industrial Revolution that a substantial body of effective 
legislation began to appear. Today the recognition of new threats to 
the environment coupled with rising public expectations over environmental 
quality is reflected in an ever increasing amount of pollution legislation.
Since it has developed over a long period of time, the British system 
of pollution control has turned out to be rather complicated, containing 
elements both of long historical standing, such as the Alkali Acts, 
and recent laws passed to deal with pollutants which did not even exist 
when the older laws were formulated. This complexity is augmented by 
the very nature of pollution. Different forms of pollution are inter­
related and control of one form may lead to the creation of another.
For example, control of air pollution can lead to increased tipping 
of solid wastes and shortage of tipping space can lead to more sea 
dumping. Pollutants discharged into one medium can find their way 
into another, as pesticides deposited on land may be washed into rivers 
and thence to sea fisheries, or pass along the food chain to reach 
predatory animals and eventually man. The introduction of new laws which 
cut across traditional legislative boundaries as regards pollution, such 
as the Control of Pollution Act 1974 which deals with solid wastes, water, 
air and noise pollution reflects a realisation of the links between 
pollutants. Finally, different forms of pollution may be most suitably 
dealt with by different kinds of law. While some can be controlled by 
laws of a general nature relating to the various media, for example laws 
which encompass all kinds of air or water pollution, others may require 
laws specifically directed at them or the industry which gives rise to 
them.
Quite apart from the complexity imposed upon it by its long 
development and the dictates of the nature of pollution, the UK system 
of pollution legislation is characterised by some peculiarly British 
traits, which are thrown into particular relief when comparisons with 
other systems are made. Like all other systems, the ."polluter pays 
principle" operates. But the system has an inherent flexibility.
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adapting controls to suit each situation rather than imposing 
uniform, standards. With responsibility for the environment 
already allocated amongst many diverse bodies, this makes the 
system even more complex. While on the one hand such a system 
may prove over-complicated and susceptible to abuse, on the other, 
if properly managed and integrated, a control framework more 
adaptable to changing circumstances and knowledge and local needs,  ^
and generally more efficient and economic than a more uniform and 
centralised structure will emerge.
The many bodies that do have environmental responsibilities tend 
to preach conciliation with industry rather than confrontation. They 
also have considerable autonomy in choosing how to exercise their 
functions. Moreover, they are further isolated from the general 
public by certain secrecy provisions in the law. Hence, the 
conciliation with industry is often behind closed doors. Secrecy 
pervades the operation of the British Government and Civil Service, 
and it is partly a reaction against it in the environmental field 
which has led to calls for a more open system and perhaps a Freedom 
of Information Act along the lines of those in Sweden and the US.
Such developments seem very unlikely at least in the forseeable 
future. In the environmental field, just as a balance must be struck 
between an adaptable system and one which guarantees certain basic 
safeguards, so there must also be a balance between a more open and 
representative system of control and one which is workable and has 
some inertia to protect it from sudden over-reactions. Where 
each balance should lie depends to some extent upon what one considers 
to be an acceptable level of environmental quality and hence^like all 
pollution matters^  reduces to a matter of personal opinion. For, 
although some of the discrepancies between the UK system of pollution 
control and others derive from different legal and administrative 
approaches, these differences themselves often derive from different 
assumptions about, or fundamental disagreements over, what is an 
acceptable level of pollution, or how far to err on the safe side in 
the face of uncertainty, some of the reasons for which were examined 
in the last chapter.
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TABLE IV.3 : STRUCTURE OF POLLUTION LEGISLATION IN THE UNITED KINGDOM WITH SPECIAL REFERENCE TO COAL, OIL AND ELECTRICITY INDUSTRIES
Type of Pollution PrincipalLegislation
Body responsible for administration and enforcement
Pollutants subject to control from Energy IndustriesCoal Industry Oil Industry Electricity Industry
Air Alkali etc Works Regul­ation Act 1906
Health & Safety at Work etc Act 1974
Clean Air Acts 1956 & 1968
Public Health Acts 1936 &1961
Alkali and Clean Air Inspectorate
Alkali and Clean Air Inspectorate
Local Authority
Odours & emissions from coal process­ing
Partic- ulates, odours hydro­carbons , S0_
Smoke,grit & dust,SOg (via chimney heights)
Emissions from colleries
Freshwater, Esturial & Coastal
River s/Preven­tion of Pollu­tion Acts 1951 1961to be largely replaced by Part II of Control of Pollution Act 1974
Regional Water Authorities Refinery-Effluent Coolingwater
Dis­chargesfromworkingmines
Marine Prevention of Oil Pollution Act 1971 Petroleum (Prod­uction) Regul­ations 1976 Mineral Workings (Offshore In­stallation) Act 1971
Dept of Energy 
Dept of Energy 
Dept of Energy
Oil from offshore oil oper­ations
Oil in Navig­able Waters Acts 1955,1963 & 1971
Merchant Shipping Act 1971
Dept of Trade
MAFF
Shipborne oil
Solid wastes (Mine- stone )
Solid wastes (pulver­ised fuel ash)
Land Town & Country Planning Act 1971
Opencast Coal Act 1958
Planning Authority (District or County Council) or Sec of State for Environment
Sec of State for Energy
Under­groundmines
Open­castmines
Shore based oil industry install­ations
Power station siting, Trans­mission routing
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Chapter V ; ENERGY POLICY MD ENVIRONMENTAL POLICY 
I. U.K. Fuel Policy ; A Brief History
1.1 Introduction
The objectives of official fuel policy in the UK have been 
somewhat reformulated since they were first set out in a Government 
White Paper in 19^ 5 (328 ), There it was stated that "the overriding 
objective is that the fuel sector should make its full contribution 
to the strengthening of the economy and the balance of payments", and 
the government saw its own role as ensuring "that national consider­
ations which the consumer would not otherwise take into consideration 
in their choice (of fuels) are reflected in the situation". Examples 
of such national considerations were "security of supply, long term 
costs and the balance of payments" and in addition, fuel industries 
had to be considered in "a broader social context". In 1976 the 
government saw the objectives of fuel policy as being "to work towards 
that pattern of supply and demand in which our energy needs are met
long term, at the lowest cost, with adequate security, and in a way331that is environmentally and socially acceptable" (^ ^^  ^ . Thus one of
the main differences is the elevation of the status of the environment.
1.2 Fuel Policy 1947-1973
Nationalisation of the coal, gas and electricity industries in 
19^7 added to the government's control over the fuel sector, which 
had previously been confined to fiscal and special statutory measures. 
However, except in times of emergency, as when the government took 
control of the coal industry along with other basic industries during 
both World Wars, it was not until the late 1950's that the government 
felt obliged to intervene to a significant degree in the fuel sector.
Up until 1950 coal had been the main fuel in the UK, supplying 
over 90% of the country's total energy needs. But thereafter the coal 
industry found it increasingly difficult to expand output to meet rising 
demand and compete with cheap imported oil (see tables V.lto V.3 ). The 
Government's response to the decline of the coal industry was twofold. 
Firstly, doubts over the continued cheapness and security of supply of 
oil prompted the Government to order 1,500 to 2,000 MW of installed 
nuclear capacity in 1955. This was upgraded to 5,000 to 6,000 MW in 
1957, as a result of the Suez crisis. Secondly the Government tried 
to protect the coal industry by imposition of a tax on fuel oil of 
2 old pence per gallon and banning the import of coal.
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TABLE V.l
COAL PRODUCTION 1923 - 1976 (million tonnes)
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
277.4
271.3
247.1
128.3
255.2
241.6 
262.0
247.8
223.0
212.0
210.4
224.2
225.8
232.1
244.2
230.6
235.0
228.0
209.6
208.2 
202.1
195.7
185.5
192.9
200.5
212.5 
218.3
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
219.5 
226.2
228.5
227.1
227.4
225.7
226.1
227.8
219.8 
210.1
197.8 
195.1
202.6
200.5
198.0
191.6
178.9
177.6
169.9
155.7
146.3
149.5
121.8
132.0
110.4
128.6 
123.7
Source : Ministry of Power Statistical Digest, 1967, Table 1, HMSO 1968 
Digest of United Kingdom Energy Statistics 1977, Table 6.
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TABLE V.2
OIL CONSUMPTION (MILLION TONNES OF COAL EQUIVALENT)
1923 5.2 1960 66.5
1924 6.0 1961 72.1
1925 6.0 1962 77.8
1926 7.6 1963 86.7
1927 8.0 1964 95.4
1928 8.1 1965 104.4
1929 8.1 1966 113.5
1930 9.1 1967 121.2
1931 9.0 1968 129.4
1932 9.2 1969 139.5
1933 9.8 1970 150.0
1934 10.4 1971 151.2
1935 10.6 1972 162.2
1936 11.0 1973 164.2
1937 11.5 1974 152.5
1938 13.1 1975 136.6
1946 13.8
1947 18.3
1948 19.0
1949 20.2
1950 22.6
1951 25.2
1952 26.1
1953 28.2
1954 31.4
1955.: 35.1
1956 38.1
1957 37.3
1958 48.0
1959 57.0
1976 134.2
Sources : Ministry of Power Statistical Digest 1967 , Table 13
Digest of United Kingdom Energy Statistics 1977 , Table 6
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TABLE V.3
gÛWER STATION OIL CONSUMPTION ", 1950-1967 (Million tonnes of coal equivalent) I
1950 0.2
1951 0.2
1952 0.2
1953 0.2
1954 0,4
1955 0.4
1956 0.7
1957 1.2
1958 4.6
1959 7.3
1960 9.3
1961 9.7
1962 10.1
1963 8.8
1964 9.9
1965 10.9
1966 12.6
1967 12.8
Source : Ministry of Power Statistical Digest 1967 , Table 13
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Continued difficulties in the coal industry and the continued 
cheapness of oil led the Government to issue its 19^ 5 White Paper 
on Fuel Policy which contained provisions to streamline the coal 
industry and concentrate production in the most efficient pits, 
and accepted increased reliance on imported oil. The 19^ 5 White 
Paper also established a second nuclear power programme which would 
add 8,000 MW of Advanced Gas-Cooled Reactor (AGR) capacity to the • 
existing 2,800 MW capacity of Magnox reactors, though only 6,000 MW 
was eventually ordered.
Discovery of gas beneath the North Sea in 1965j and progress
with the nuclear power programme led the Government to issue a second
White Paper on fuel policy ( 329) in 196T, the object of which was to 
ease the transition from a two to a four-fuel economy and reassess the 
balance between the four primary fuels. It was also to mitigate the 
effects of the continued decline of the coal industry, which was 
now accepted as inevitable. Generally the Government's emphasis was 
on a policy of keeping fuel cheap, and, although many of the technical 
and economic assumptions of the 1967 White Paper soon proved to be 
obsolete, this remained the case until 1971.
The "oil crisis" of 1973/7^ , which saw the price fuel oil (see Table
V.U) almost triple and hence lose the advantage it had over that of coal for
electricity generation, brought with it in the UK, as in most other countries 
heavily dependent on oil, a radical reappraisal of fuel policy, with emphasis 
on replacing .imported oil with indigenous substitutes. While in the long term 
energy demand would have to be satisfied primarily by coal and nuclear 
power the pressure on these resources could be somewhat alleviated by 
the implementation of conservation policies and encouragement of 
alternative energy farms. At the same time the Government felt it 
needed more control over the less plentiful North Sea resources upon 
which the country would very much rely until the coal and nuclear 
industries had expanded sufficiently.
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TABLE V.4
AVERAGE PRICES FOR COAL AND OIL USED FOR ELECTRICITY GENERATION. AND DERIVED COSTS FOR COAL AND OIL-GENERATED ELECTRICITY
£/te Fuel £/MWh Electricity Generated^
Coal Oil Coal Oil
1964/5 4.02 7.80 1.85 2.08
1965/6 4.13 7.20 1.91 1.93
1966/7 4.59 7.39 2.12 1.97
1967/8 4.61 8.86 2.13 2.37
1968/9 4.66 9.28 2.15 2.48
1969/70 4.81 8.45 2.22 2.26
1970/71 5.36 10.83 2.48 2.89
1971/2 6.21 11.28 2.87 3.02
1972/3 6.50 10.76 3.00 2.88
1973/4 6.66 11.69 3.08 3.12
1974/5 9.29 28.03 4.29 7.49
1975/6 l4.l6 36.27 6.54 9.70
1976/7 16.89 41.50 7.8 11.09
Source: Digest of United Kingdom Energy Statistics 1977.
1 tonne coal gives 2.165 MWh 
1 tonne oil gives 3.7^ 0 MWh
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1;3 Post 1974 Fuel Policy
1.3.1 Coal
In 1974 the Government endorsed the National Coal Board's "Plan 
for Coal", aimed at reversing the decline of the coal industry and 
increasing coal output from its level then of 110 million tonnes to 
135 million tonnes by 1985. This was to be achieved by creating 
42 million tonnes of new colliery capacity, half of which would be 
provided from new mines, and increasing opencast production from 10 
to 15 million tonnes a year (337).
By 1977 it was evident that new mines would contribute only half 
of the original target of 20 million tonnes a year by 1985, with the 
balance being made up from existing pits. Delays in obtaining
planning permission were largely to blame. However, in its strategy
paper "Coal for the Future" (338), the NCB stood by the original 
overall output targets in "Plan for Coal".
Looking further ahead, the NCB saw demand for coal lying in the
range 135 to 200 million tonnes in the year 2000. The implications 
of this were outlined in "Coal for the Future" : "To equip itself 
for an annual output of some 170 million tons by the year 2000 (of 
which at best I50 million tons would have to be deep mined) the 
industry, after allowing for exhaustions, would probably have to 
install some 60 million tons of new deep-mined capacity beyond that 
provided for by "Plan for Coal". This would mean commissioning an 
average of four million tonnes each year between the mid-1980's and 
the end of the century, the great bulk of which would have to come 
from new mines. If their average output were 2 million tons a year, 
two new mines a year would have to be created, or thirty in total over 
the period". (338, ss 56 and 57). However, various commentators 
question the ability of the NCB to achieve this target (30, 345).
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1.3.2 Oil Industry
The oil crisis moved the Government to review fundamentally 
its policy with respect to the development of the resources of the 
North Sea, so as to exert more control over offshore development 
and production. In the Petroleum and Submarine Pipelines Act 1975 
it extended and added to its existing powers under the Continental 
Shelf Act 1964 to regulate the' rate at which fresh territory is 
licenced for exploration and receive royalties from operators. In 
particular it assumed the ability to delay the development of a field 
and require that production be cut back or expanded. It also 
established the British National Oil Corporation (BNOC) which in 1975 
had a majority share in the North Sea. interests of 4l companies, 
was made a majority shareholder in each licence under the 5th round 
of licensing and can expect to have access to over one third of 
U.K. continental shelf oil production by the 1980's.
The Energy Act 1976 gave the Secretary of State for Energy 
further control over oil depletion by requiring that he grant consents 
for the flaring or unignited release of natural gas. In the absence 
of such consents, many oil fields with associated natural gas will 
have to await the construction of a gas-gathering network, at present 
only at the design stage, before they can be developed.
So far, the government has not deemed it necessary to exercise 
its powers over depletion. Its policy has been to achieve self- 
sufficiency as soon as possible in oil so as to realise the benefits 
of the tax revenues (under the Oil Taxation Act 1975)> security of 
supply and an improved balance of payments. In 1974 the then Secretary ' 
of State for Energy gave assurances that no cuts in production would be 
imposed before 1982, (344 p 27) and that there would be no delaying of 
the development of finds made up to the end of 1975 » which account for 
between one half and one third of estimated possible reserves. Moreover, 
with unforeseen delays in exploiting discoveries it looks as if 
production and demand in the U.K. will be roughly the same for some 
time without controls, so depletion controls will prove unnecessary 
even in the early 1980's (112, 339, Annex D.s.6).
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1.3.3 Nuclear Policy
A further component of the Government's policy was the 
adoption in 19T4 of a third nuclear programme of 4000 MW based 
on the Steam Generating Heavy Water Reactor' (SGHWR).
However, subsequent problems with the design of the SGHWR, 
coupled with reduced energy demand brought about by the economic 
recession which followed the oil crisis, led the Government to 
abandon the SGHWR programme in January 1978. It was replaced with 
plans to build two 1,300 MW AGR's by 1986/7, and develop the 
capability to begin the construction of a Pressurised Water Reactor 
(PWR) in 1982, The Department of Energy saw this as the start of 
a £20 billion nuclear programme which would equip Britain with 
24 to 30 additional power stations by the end of the century 
(314 , 372).
1.3.4 Conservation
Depletion policies, government intervention in the coal industry, 
and nuclear power programmes were all familiar elements of fuel policy. 
The most radical departure from previous practice in energy policy 
was to shift the emphasis from a totally supply-orientated policy to 
one in which demand regulation was also an important factor. Hitherto, 
the profligate use of cheap energy was an accepted practice in any 
industrialised country. But now that the cost of energy had risen so 
that the inefficient use of energy was far more costly than in the past,
conservation became more economic. To this end the government adopted
a conservation policy in 1974, the present version of which is set out
in a white paper of July 1976 (327 ). The main features are a
recognition of the fact the price of energy must reflect at least the 
cost of supply, and a "Save it" campaign to motivate consumers to save 
energy and inform them of ways of so doing. In December 1977 the 
government announced a £320 million package of sponsored energy 
conservation measures, including council house insulation and information 
and advice for industry (157 ),
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1.3.5 Alternative Technologies
Besides making conservation a more attractive proposition, 
the rise in energy prices has also lent impetus to the development 
of the so-called alternative technologies such as solar, wave, 
tidal, wind and geothermal energy. Very little is known about, and 
much controversy surrounds, the costs and potential of some of 
these alternatives. Sir Martin Ryle, in particular, is one of the 
more vociferous advocates of alternative energy sources, especially 
wind power (250), and some claim that not nearly enough is being 
spent on finding out more about them (323). In a debate on 
alternative energy sources in the House of Lords on 2 February I978,
Lord Strathcona and Mount Royal questioned whether it was right that 
a hundred times as much as was spent on all other energy options 
should be spent on nuclear power. A similar question was raised in 
the House of Commons on 13 February 1978. Since then, in June 1978, 
the government replied to the 3rd and 4th Reports of the House of 
Commons Select Committee on Science and Technology session 1976-77 
(323) with the white paper "The Development of Alternative Sources 
of Energy" (326) which announced a large increase in Britain's 
alternative energy research programme. The total amount committed 
to this area was increased by £6,171,000 to £15,731,000 (113).
1.4 Discussion of UK Fuel Policy
From an economic viewpoint, the aim of energy policy can be seen 
as to bring the real energy market closer to the ideal one. By this criterion, 
UK energy policy has failed. There has been increasing intervention in 
the energy sector, though whether this reflects basic government 
philosophy or has purely been dictated by events (eg the discovery of 
North Sea Oil and Gas or the nature of nuclear technology) is a matter 
of opinion. Many maintain that there has been no policy at all: "what.
is sometimes described as fuel policy appears to be a collation of ad hoc 
measures, each one of which might have seemed justified in response to 
some past problem, but which hardly represent a strategy to deal with 
present-day problems; generally, they (energy policy reviews) have 
accepted all past policy measures and added a few more for- good measure” ■
(248). Those measures which have been taken in response to developments within 
the energy industries have often had unintended side effects. Thus, the fuel 
oil tax protected not only the coal industry, as it was supposed to, but also 
the nuclear and gas industries. However, in many cases, fuel policy has
been influenced
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by considerations which emanate from outside the energy sector, and may 
not even be economic in nature. For example, nationalism has played a 
large part, as in the decisions to adopt the SGHWR as the basis for the 
3rd nuclear power programme in 1974. Protection of the coal industry 
was for a long time a social policy, as were efforts to keep fuel prices 
low to protect the poor. However, as the discussion in the 3rd section 
of this chaper will demonstrate, environmental considerations have 
not been among those exogenous influences on fuel policy.
2 Energy Forecasts
Differences in opinion such as exist over the potential contribution 
of alternative energy sources and the ability of the coal industry to 
meet its expansion targets are to be found in almost every area of both 
energy supply and demand. There is thus much scope for disagreement over 
likely energy futures and hence action which should be taken today to 
safeguard that future.
Certain basic premises seen fairly well established. The UK is well 
endowed with indigenous energy resources. It will be at least self- 
sufficient in, and possibly a net exporter of, oil for some years from 1980 
onwards, at which time output from the North Sea will be around 170 million 
cubic metres of gas per day (approximately 0.24 million tonnes of coal 
equivalent a day), and has coal reserves which, at current rates of 
extraction, could last for over 300 years (339). Despite this large 
energy endownment, there are several views of how, and at what cost, 
future energy demand will be satisfied. On the one hand, the official 
view is that, because of the long lead times involved in the energy 
industries, there is danger of an "energy gap" by the end of the century. 
Conservation will be capable of reducing total demand by only around 
10% and alternative energy sources are unlikely to contribute more than 
40 million tonnes of coal equivalent by the year 2000; so with North 
Sea oil and gas production reaching its peak around 1990 and thereafter 
declining, the UK,like - the world in general, will come to depend 
increasingly on coal and nuclear power as demand rises (339). However, 
there are technical and institutional limits to the rate at which the coal 
and nuclear industries can expand. The Department of Energy found that 
taking the upper bound of the range of possible indigenous supplies of coal, 
gas and oil in the year 2000 (200-400 mtce) and the lower bound of possible 
demand (500-650 mtce) left a primary fuel gap which, on construction grounds, 
may be the maximum practicable nuclear programme (339). For this reason 
it has been suggested that any delays with the nuclear programme could 
seriously threaten the satisfaction of energy demand (27l).
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However, these estimates are contested at almost every hurdle from 
the projections of future energy demand to the potential contributions from 
conservation and alternative energy sources. Groups such as Friends of the 
Earth have long been contesting official projections of the growth in demand 
for electricity (397), questioning both the assumptions about the relation­
ship between economic growth and energy demand and the rate of economic growth 
itself. Moreover, the depressing effect the world economic recession has had 
on energy demand has led many official bodies.to revise their own estimates 
downwards. A mere 5 months after the appearance of its Energy Policy Review, 
the Department of Energy reduced its projections of the UK's growth in demand 
contained therein and forecast that primary fuel consumption would lie in the 
range 450-560 mtce in 2000 (344). But even these most recent forecasts are 
much higher than those of others, including the University of Sussex Science 
Policy Research Unit (SPRU) (17), The Open University Energy Research Group 
(238) and the International Institute for Environment and Development (376). 
The SPRU report, for example, avoided the need to assume the direct 
relationship between GPD and total energy consumption upon which most studies 
are based, and instead assumed that energy demands in different sectors are 
related primarily to. socio-economic and technical developments which are not 
necessarily affected by the level of GDP. Using this approach the authors 
concluded that there would be no energy gap until after 2000, whereas 
previous estimates foresaw a gap appearing around 1990.
In its 6th report, the Royal Commission on Environmental Pollution put 
forward an alternative strategy to that envisaged by the Department of 
Energy which was characteristically sympathetic to the cause of 
environmentalist groups, in which larger contributions were expected from 
renewable sources, combined heat and power and from the differences in 
conversion losses arising from a smaller share of electricity in the final 
demand. However, this strategy was offered not as a seriously studied option, 
but merely as a contribution to the energy debate, and many of the assumptions 
made were criticised as being optimistic by the Energy Commission in its 
"Working document on Energy Policy" (344) upon which a green paper on energy 
policy, published in Februarly 1978, was based.
With so many uncertainties in the energy sector, energy forecasting 
a most precarious art and many alternative technologies still in their 
infancy it is small wonder that irreconcilable differences abound in the 
debate on future likely patterns of energy supply and demand and hence the 
appropriate form of energy policy, and particularly the flexibility of energy 
policy in response to perceived environmental pressures.
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3. Interactions Between Fuel Policy aiid Environmental Policy
Although it is only recently that the preservation of 
environmental quality has been explicitly recognised as one of 
the formal objectives of energy policy, policy makers have long 
been aware of the influence of environmental factors of fuel 
policy. In the I965 White Paper on fuel policy, before the word 
environment had become fashionable, the government saw that 
"Government policies in other fields - such as taxation, imports, 
land use, clean air and distribution of industry - affect fuel 
policy, production and use." (328 S3). In particular, "preservation 
of amenity imposes extra costs on the CESB and hinders the task of 
meeting expanding demand". (328 S9T). Amenity was also cited in the 1967 
White Paper as an obstacle to the erection of the additional 
transmission network which further concentrations of generating 
plant would require (329 828). And in the same paper, one of the 
reasons given in support of nuclear power was that it caused no air 
pollution (329 8834 and 98).
Despite this early recognition of the environmental aspects of 
fuel policy, little effort was made to integrate environmental and 
fuel policy. Perhaps this is hardly surprising since it is question­
able whether a coherent fuel policy existed in the first place, and 
the piecemeal nature of environmental policy has already been examined 
in Chapter IV. The most that can be said is that environmental 
considerations may have influenced specific energy decisions, but on 
the whole, interactions between environmental and fuel policy were 
rather haphazard and unco-ordinated. Air pollution legislation 
provides a case in point.
In industry the requirements of the Clean Air Act 1956 could 
only be met by adapting boilers and furnaces to burn coal more 
efficiently or by abandoning coal altogether in favour of oil and 
gas. The latter course is what, in general, industry chose, and 
according to the National Survey of Air Pollution, "it is reasonable 
to credit the Act with having greatly accelerated developments which 
would however, of themselves, have taken place slowly but inevitably", 
(325 p 12). The Clean Air Act also contributed to the cutback in 
domestic coal consumption (see Table V.5) and though at first this 
would have been partly recouped by the growth in demand for solid 
smokeless fuel, consumption of smokeless fuels was inhibited by a
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TABLE V.5
DOMESTIC COAL CONSUMPTION (Million tonnes of coal equivalent)
1938 48.1
1950 39.0
1955 38.7
1960 36.1
1961 33.9
1962 34.3
1963 33.7
1964 29.4
1965 28.8
1966 27.0
1967 24.4
1968 23.6
1969 24.0
1970 20.2
1971 17.3
1972 14.5
1973 14.5
1974 13.7
1975 11.7
1976 10.9
Sources : Ministry of Power Statistical Digest 1967 , Table 17
Digest of United- Kingdom Energy Statistics 1977 , Table 13
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shortage of these fuels and began to fall after I968 (see Table v.6).
Thus, in so far as the government, although resigned to the encroach­
ment of oil on the coal market, wished to slow down the substitution 
of oil for coal, the Clean Air Act was at odds with government policy.
The conflict of environmental and fuel policy objectives was 
greater still in the electricity industry where the government was 
concentrating its efforts to protect the coal industry by urging the 
CEGB to use more coal than it would have liked to on purely commercial 
grounds. There, the Alkali Act, like the Clean Air Act in the 
domestic and industrial sectors, reinforced the market-induced abandon­
ment of coal in favour of oil. Some coal-fired stations were converted 
to burn fuel oil so as to reduce dust emissions, but the government 
stressed in its I967 White Paper that these were for "very special 
reasons" (329 829) and to avoid serious air pollution.
To what extent government pressure prevented conversions that 
would otherwise have taken place for air pollution reasons I do not 
know. Certainly the use of coal by government offices decreased to 
a lesser extent that it did in other sectors (see Table V 7). And on 
the domestic front the use of concessionary coal by miners also 
decreased more slowly than the use of domestic coal generally (see 
Table V 8) and constrained progress with domestic smoke control, as 
the Royal Commission on Environmental Pollution complained in 1976 (321 S66) 
But environmental considerations definitely took a back seat to fuel 
policy objectives at the time of the energy crisis which exposed the 
gulf that still existed between the two policies. After a progressive 
tightening of the standards for particulate emissions from power 
stations since their registration under the Alkali Act in 1957, there 
was a sudden relaxation when the energy crisis made the power demands 
of pollution abatement equipment seem unnecessarily high, while 
deterioration in the quality of coal stocks made abatement more 
difficult. The Chief Alkali Inspector said in his 1973 report "the 
country faces a really tough period in which amenities are not top 
of the list of priorities" (292 p I6) and the following year "the public 
may have to experience a slight deterioration in the environment in some 
parts". (293 p59). This attitude contrasts with that of the Royal 
Commission on Environmental Pollution which in the same year had stated 
that under no circumstances should any such deterioration be allowed 
(320 823).
A more recent example of the breakdown in communication between 
environmental and energy interests was over the planned plant for
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TABLE V.6
DISPOSALS OF SMOKELESS FUELS TO THE DOMESTIC biARKET (Million tonnes) 
1955 5.8
1960 6.3
1961 6.6
1962 7.1
1963 7.7
1964 7.7
1965 8.0
1966 8.4
1967 8.1
1968 8.3
1969 8,2
1970 7.5
1971 6.9
1972 6.1
1973 6.2
1974 6.3
1975 5.7
1976 5.1
Sources : Ministry of Power Statistical Digest 1967 , Table 75
Digest of United Kingdom Energy Statistics 1977 , Table 32
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TABLE V.7
USE OE GOAL BY GOVERNMENT OFFICES^(Million tonnes)
1950 3.8
1955 4.9
1960 4.1
1961 3.9
1962 3.9
1963 4.0
1964 3.5
1965 3.6
1966 3,5
1967 3.3
1968 3.0
1969 3.1
1970 , 2.9
1971 2.5
1972 2.1
1973 2.0
1974 1.9
1975 1.5
1976 1.7
a. Under the heading of public administration in the Ministry 
of Power Statistical Digest and public services in the Digest 
of United Kingdom Energy Statistics .
Sources ; Ministry of Power Statistical Digest 1967 , Table 17
Digest of United Kingdom Energy Statistics 1977 ,
Table 13
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TABLE V.8 
MINER'S COAL (Million tonnes)
1950 5.1
1955 5.3
1960 5.0
1961 4.8
1962 4.8
1963 4.7
1964 4.4
1965 4.3
1966 3.9
1967 3.6
1968 3.3
1969 ■ 2.9
1970 2.7
1971 2.5
1972 2.2
1973 2.2
1974 2.1
1975 2.0
1976 1.9
Sources ; Ministry of Power Statistical Digest 1967 , Table 53 
Digest of United Kingdom Energy Statistics 1977 , Table 17
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reprocessing nuclear fuel at Windscale. Although the Secretary of 
State for Energy gave permission for construction of the plant in 
March 1976, the planning application was not "called in" hy the 
Secretary of State for the Environment until March 1977 (316 SS 3.1-3.3) 
In terms of media exposure though, just as great an issue was made 
when the Department of Energy was only informed in December 1976 of 
a leak from the existing Windscale plant of which the Department of 
the Environment had been notified in September, when the reaction of 
the Secretary of State for Energy was to order that all incidents, 
however trifling, be reported to him ( 387 )..
In general, where ener^ and the environment have been in conflict 
it is energy that has been most favoured by the government. Supply 
difficulties in particular not surprisingly often cause the revision 
of former environmental objectives.
However, energy and environmental objectives do not always 
conflict, and may on occasion be mutually beneficial; .For example, 
conservation policies through leading to the more efficient use of 
energy reduce pollution on two counts. Firstly, the use of less energy 
results in less pollution. Secondly, many forms of pollution are the 
direct consequence of the inefficient use of energy (eg thermal, smoke). 
Nationalisation of the fuel industries (though it is arguable whether 
this is part of fuel policy) also had a beneficial effect on the 
environment. Relieved of the burden of competition, the industries 
showed a greater environmental awareness. The CEGB spent £120 million 
on environmental protection between 1958 and I968, more than any other 
industry ( ) although when compared with the overall expenditure
by the British electricity supply industry of £544-7 million over the 
same period (74, p 289) even this amount seems trifling.
Any policy implies outside intervention in the market, and one 
way that environmental policy influences fuel policy is that it 
increases intervention in the fuel sector above that which would occur 
on fuel policy grounds alone. Whether or not one agrees with inter­
vention for other reasons, few would dispute its justification in 
correcting externalities. Two other general effects are that this 
internalisation of externalities tends to raise prices in the fuel 
sector and cause energy objectives to take longer to be realised 
than would otherwise be the case. This is particularly apparent 
in the way environmental considerations influence energy-related
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projects through the Town.and Country Planning Act. While similar 
effects can he seen as a result of more general environmental legis­
lation, such as the air pollution laws referred to above, the emphasis 
in planning law is more on treating each individual development 
sepearately. Public enquiries can delay the proposed project and the 
conditions appended to planning permission may add to the cost of the 
project. It is conceivable, however, that the general environmental 
laws could cause far more delay than the case by case approach embodied 
in planning law by not having the feasibility of their implementation 
taken into account or being too inflexible to adapt to the particular 
circumstances surrounding each development to which they are applied. 
Such was the case with the 1970 Clean Air Act in the US where 
lobbyists representing the utilities maintained that installation of 
abatement equipment would cause delays which would lead to a power 
shortage in places and .succeeded in getting the Environmental Protection 
Agency to relax its requirements ( 108), though the more flexible 
approach of UK in its environmental laws makes such a direct conflict 
of interests unlikely.
While it is self-evident that anything which causes a delay in 
the realisation of an objective conflicts with that objective, one 
cannot generalise about the effects on fuel policy of price increases. 
They will, no doubt, adversely affect individual projects, but their 
overall effect on fuel policy will depend on the way the many 
individual, environmentally-indueed, price increases add up to influence 
the price of a fuel or form of energy, and the prevailing fuel policy. 
For example, the implications for fuel policy of a rise in the cost of 
coal relative to that of oil would depend, among other things, on 
whether the government wishes to protect the coal industry or not.
Even the consequences of an across-the-board price rise would be far 
more consistent with the government's present fuel policy than with 
fuel policy before the "energy crisis".
On the whole, however, environmentally-induced price rises have 
been small compared with other costs in the fuel industries and have 
not significantly affected either the relative or the absolute fuel 
costs. Neither have delays to energy-related developments been of such 
a nature as to compromise energy objectives. Though the rise of 
environmental concern generally and local opposition in particular have 
caused an increasing proportion of all industrial development to go
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to public enquiries, and better organised opposition has led to these 
enquiries becoming increasingly protracted, few individual projects 
have been of such a nature that the effects of this environmental 
opposition could significantly affect energy policy. For example, 
while power stations well illustrate the trend towards a higher 
proportion of, and longer, public enquiries, the resultant delays 
have not threatened electricity supply since the CEGB has had an 
overcapacity in recent years as a consequence of the actual growth in 
electricity demand falling short of projections upon which development 
of earlier capacity was based.
Today, however, the situation is changing. On the one hand, 
environmental concern continues to increase and environmental lobbies 
are becoming stronger nationally and locally. On the other there is the 
threat of a possible energy gap by the end of the century. Thus both 
environmental and energy constraints are tightening and where objectives 
of the two policies conflict, the conflict becomes more intense. At 
the same time, energy developments are becoming of such a nature and 
scale that they are pressing increasingly against both of these 
constraints, provoking more environmental opposition than their 
predecessors and being more essential to meeting^  energy demand as 
developments become more concentrated.
Today opposition to specific energy related developments tends 
to be indicative of a general mood or situation. Taking the example 
of power stations, the witholding of planning permission for the 
location of a station on a coastal site might reflect the high value 
attributed to amenity at such coastal locations, opposition to the 
plant not only there but at other alternative sites, and a general 
lack of suitable alternative sites. The station would, therefore, 
have to be sited inland and instead of using once-through-cooling, 
would need more expensive cooling towers.
Moreover, the environmental risks associated with certain modern 
energy developments which rely on comparatively new technology are 
such that they raise particular fears. This, combined with the fact 
that the number of projects representing such developing or new 
technologies tends to be less than the number based on well established 
technologies simply because the technology is new and also because 
there is a general trend towards greater scale in all the energy
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industries anyway, (407 ) means that an adverse environmental effect 
at one site may more easily have implications for the development 
of all other sites. The entire technology will he affected and 
through this there may he repercussions which significantly influence 
energy policy. In this way, the hlow-out on the Bravo platform in 
the Ekofisk oilfield had the effect of slowing down all North Sea 
development. And with nuclear power so few stations of any one 
design exist that the distinction between individual plants and the 
overall technology fades even further, so that a mishap at one plant 
is likely to affect the operation of the others, and a.decision 
relating to one plant to have implications for the others. In the 
extreme, an entire fuel industry may depend physically upon the 
operation of a single site in which case the fate of the industry 
and that site are inseparable. The Shetland oil terminal at Sullom 
Voe, which will handle almost three quarters of British oil require­
ments by the early 1980's, approaches this situation. It is already 
two years behind schedule because of protracted negotiations between 
the Shetland Island Council and the oil industry over environmental 
issues in general, and the location of storage tanks in particular, 
and would for this reason have delayed oil production from the North 
Sea were it not for the fact that the flow of oil has been held up 
by platform delays ( 379). (In this lat^ :er example, however,, it could be 
argued that the environmentalists took advantage of the delays in 
platform construction to gain concessions which they might not other­
wise have achieved.) . .
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In the long term, when oil production has passed its 
peak, the two sources of energy upon which the UK will come to 
depend, coal and nuclear power, hoth provide ample grounds for an 
intensification of the energy/environment conflict along the lines 
sketched above. In the simplest terms, replacing a sea-based 
source of energy by one which is land-intensive is likely to 
provoke more opposition as more people have their interests 
directly affected. In its Plan 2000, the NOB envisages than an 
average of two mines a year will open between the mid-ipSO's and 
the end of the century. But not only has the environmental climate 
changed beyond recognition since the coal industry was last under­
going an expansionary phase (the Royston mine, opened in 1976, was 
the first new mine for 7 years) but mines themselves have become 
bigger, thus both affecting more people, so they will provoke better 
organised opposition, and contributing more to satisfying energy 
demand. The NCB stresses that modern mines are far less of an 
eyesore and general threat to amenity than their predecessors, but 
still foresees environmental opposition as a serious obstacle to 
its plans ( 410 ).
While opposition to coal mines is predominantly local, that to 
nuclear power involves national pressure groups as well. Moreoever, 
opposition is not only on environmental grounds but also encompasses 
matters such as nuclear proliferation and civil liberties, and the 
ramifications of this opposition are not confined to fuel policy but 
in some countries have profound political repercussions. The nuclear 
power issue has played a major role in the Swedish general elections 
of 1976 ( 124 ), the French municipal elections of 1977 ( 109 ) and in 
the politics of Australia ( 251 ), Germany and several other countries 
( 385 ). As far as the effects of the opposition to nuclear power 
on the nuclear industry itself are concerned, on a worldwide basis 
"it appears to have accentuated the scaling down of nuclear programmes 
due to a cyclical decline in electricity growth following the economic 
recession and the energy crisis, by lengthening planning and consent 
procedures, necessitating design modifications and thus increasing 
capital costs and weakening the commitment of electric utilities to 
nuclear power". ( 267 ). Opposition to nuclear power on the level seen 
in the countries mentioned above has yet to manifest itself in the UK.
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This is perhaps because the UK has not yet CQnpiiitted herself to 
the nuclear option as far as some other countries, and anyway 
tends to tread more carefully in such situations, accommodating 
objections and fully debating the possible consequences from the 
outset. Even so, in its Energy Policy Review, the Department of 
Energy recognises the unique problems associated with nuclear power:
"Most of the energy sources that will be available to us in 
replacement of our eventually declining oil and gas are not 
controversial, in the sense that there would be little objection 
to relying on them if they proved economic in competition with the 
alternatives after allowing for the costs of minimising their 
environmental impact. This is in general true, for example, of coal, 
despite the amenity objections to the extension of coal workings into 
new areas and the emissions, notably SO^ , of coal use. It is also 
true of alternative energy sources, which may be visually unattractive, 
but do not emit pollutants. Nuclear power, however, is in a different 
category. It is considered in some quarters that the environmental 
and social drawbacks to nuclear power are so great that it would be 
worth paying a high price in economic terms to avoid greatly increased 
reliance on it. Against this however, there is a very strong case for 
ensuring that we do not prematurely deny ourselves access to the 
nuclear option" (339 SU6).
In the same way that delays and opposition, though previously 
accommodated by the energy industries,may have far more serious 
consequences in the future, so the costs of pollution control may also 
escalate to the point where they begin to influence fuel policy 
significantly. The measures which would be necessary to control 
transfrontier pollution are one area where such an escalation of costs 
could occur ( 385 ) •
Perhaps it is both in response to the rise of environmental 
concern, and in anticipation of problems such as those outlined above 
which, in the absence of countervailing action, might severely impede 
energy policy, that the government has suggested a new "high level, 
independent body to advise specifically on the interaction between energy 
policy and the environment" be set up (331 839). This body, the 
Commission on Energy and the Environment, was appointed on 2nd March 
1978. At its first meeting on 7th June 1978 it outlined the areas it 
proposed to study which include:the role and environmental impact of 
renewable energy sources; the longer term environmental implications 
of future coal production and use,including conversion to other fuels;
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the adequacy of present methods of evaluating environmental impacts; 
the operation of planning procedures; and the present system of 
pollution control ( 110 ), It is too early to tell what effect such 
a commission will have, hut there is other evidence of a more 
integrated approach to energy and the environment. The new commission 
is specifically excluded from studying individual planning applications, 
but the use of Planning Inquiry Commissions (described in Chapter IV) 
for planning applications with national significance could for the 
first time permit the discussion of natural energy policy in a public 
forum. Thus it may well be that it is through its environmental 
repercussions that energy policy receives the sort of open debate to 
which the Secretary of State for Energy has been advocating it should 
be subjected. Though environmental policy has flaws, it is conducted 
in a far more open manner than energy policy, as is to be expected 
with decisions which have an obvious effect on an identifiable group 
of people, and some of this openness may "rub off" onto energy policy.
The Roskill Commission on the Third London Airport is the closest in 
style so far to a Planning Inquiry Commission, but it is possible 
that one will be called over the development of the first commercial 
fast breeder reactor (CPR l). Though the Windscale Inquiry was issued 
national terms of reference by the Secretary of State for the 
Environment, there was some confusion over what was relevant, a 
confusion which the use of Planning Inquiry Commission would help 
dispel. Rather than disband the Commission after each inquiry, it 
has been suggested that some sort of standing commission which does 
not have to be re-educated each time a new decision has to be made and 
yet remains adaptable to new situations be formed ( 241 ) • And public 
participation could be encouraged by getting the Commons Select 
Committee on Science and Technology to stimulate more parliamentary 
interest in energy matters. In fact the actual decision-making process 
should be one which has its form determined by the particular 
development being debated. For example, traditional planning inquiries 
would suffice for small scale developments while more sophisticated 
machinery is needed for larger ones. However, though it is important that 
a decision-making process appropriate to the project under consideration 
is developed at the same time it is no use employing a procedure so 
complex and involved that no decision ever emerges.
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4. .Energy/Environment Models
Nowhere is the increasing integration of energy and environmental 
objectives better illustrated than by the appearance in recent years 
of energy/environment models. These are significant not only because 
they epitomise an integrated approach, but because in some,energy 
and environmental objectives are given in equal weights.
In the US a data base relating solely to the environmental effects 
of the energy industries has been set up ( 38 ) and many studies of the 
comparative effects of different energy technologies have been performed 
(68 , 94 » 362). On the energy side (as opposed to the environmental
one) some models dealing with the energy sector can include environmental 
effects ( 165). The International Institute of Applied Systems Analysis 
(IIASA) has completed the synthesis with a regional energy/environment 
model (13), which is an extension of a model developed by the 
University of Wisconsin for the state of Wisconsin ('29 ), as part of 
its research programme on management of regional energy/environment 
systems (28 ). The model can show the environmental consequences in
terms of the amounts of different pollutants produced by different 
socio-economic and energy futures and the IIASA uses it to predict the 
effects in terms of 11 environmental indicators of 3 particular scenarios.
Such models are useful as a first step in formulating the potential 
repercussions on the environment of different, energy and socio-economic 
policy options and clarifying the issues in much the same way that 
cost-benefit analysis can help set out a problem clearly, even if it 
provides no specific answers. However, they do have serious 
limitations, some of which the IIASA recognises. These fall into two 
categories. The first relates to the environmental impact aspect of 
the model and is the usual problem of evaluating environmental effects. 
Very little is known about the effects of most pollutants. The 
relationship between the amount of a pollutant and its effects is often 
complex and highly site-specific. Where the required knowledge is 
available it may be of such a specialised nature that there are 
problems in communicating it between those who obtain it (the scientists) 
and those who need to use it to formulate policy (the decision-makers). 
Ultimately the evaluation of an impact may well depend on subjective 
judgement, and the varying preferences of many different groups may 
.be involved. Thus it is difficult enough to find an acceptable, if not 
optimal, trade-off between energy and environmental objectives where 
only one environmental effect is under consideration. When trade-offs 
between different environmental impacts must be made as well, the
problem becomes correspondingly more difficult.
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As a step towards alleviating such difficulties of decision- 
making where multiple objectives are involved, and as a way of formally 
incorporating subjective preferences into the decision-making process 
the IIASA constructed a preference model based on multi-attribute 
utility theory ( 44 ). The inputs to the preference model were the 
outputs from an environmental impact model which gives in physical 
terms the environmental effects of different energy policies ( 29 ).
The preference model was constructed by obtaining from the decision- 
maker(s) through questions by an "assessor", a utility function for 
each impact and scaling constants which are indicative of the trade­
offs between the different impacts the decision-maker is prepared 
to make, and combining these utility functions and scaling constants 
for the individual impacts in a way determined by the multiattribute 
utility theory to give an overall utility function ( 14 ). This overall
function provides a basis by which to compare alternative options 
consistently. The IIASA contends that apart from helping to choose 
between various combinations of multiple objectives the- application 
of multiattribute utility analysis to such problems has other advantages, 
one of the most import of which is the ability of utility theory to 
handle preferences under uncertainty ( 44 ). However, the present state 
of knowledge about environmental impact renders such sophistications 
largely redundant. Data is seldom adequate to support point estimates 
of environmental impact, let alone probability distributions for the 
possible values of uncertain effects.
The IIASA recognises that preference models do not "eliminate 
the difficulties of meaningfully aggregating across kind, time, and 
space so that rational preferences can be expressed among alternative 
futures" ( 28 ) and that the model should not replace the judgement of 
the decision maker but merely act as an aid ( 14 ). Indeed it claims 
more for the process of formulating the preference model than the 
result of the model itself; "It can be a substantial aid in identifying 
and sensitising individuals to important issues, generating and evaluating 
alternatives, isolating and resolving conflicts of judgement and 
preference among members of the decision making team, communicating 
among several decision makers and, in this particular application 
identifying improvements needed in the impact model" ( 14 ). This
is all very reminiscent of some of the ideas of Tribe, to whom reference 
was made at the end of chapter III, about how values are formed in the
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process of groping towards them and the significance of the 
decision-making process where environmental considerations are at 
stake.
The other limitation of energy/environment models stems from 
an inherent contradiction within such models which was perhaps behind 
the belief expressed by the IIASA that there will never be a universal 
energy/environment model ( 28 ). Energy developments often serve an 
area far larger than that affected by the environmental effects to 
which they give rise (eg power stations, oil terminals). Thus a few 
people may have to suffer for the benefits of the many, local 
sacrifices have to be made for regional or national gain,or it may be 
a completely different set of people from the ones served by a 
development that suffers from it (eg mining of coal or uranium).
Thus we arrive at the ubiquitous distributional problem. It was a 
desire to minimise distributional inequities that prompted the authors 
of a recent article in Science to suggest that fossil fuelled plants 
should always be sited in the communities that benefits from them 
(219 ). Analogously the two policies are conducted on different 
scales. For historical and technical reasons energy policy is 
formulated and implemented on a national or regional level. Environ­
mental policy, on the other hand, though its broad principles may be 
formulated nationally (eg polluter pays principle) is usually 
implemented on a local or case-by-case level since environmental 
effects so often depend on the character of the location at which 
they occur. The degree of conflict will depend on both the instit­
utional framework of the country concerned, or more precisely the 
amount of centralisation in energy policy and decentralisation in 
environmental policy, and the nature of the environmental effect under 
consideration. For example such a model would be less appropriate 
in the UK where energy industries are relatively centralised and 
environmental policy decentralised (with the best practicable means 
philosophy) than in the US where more general environmental laws tend 
to be made and energy policy and practice is less centralised. This 
is perhaps why no such models have been developed for the UK.
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The following chapter will examine certain problems raised in deciding 
the terms of reference of such energy environment studies and briefly 
discusses the "normalisation" procedure used in many of them. An 
analysis of the environmental effects of the coal, oil and fossil-fuelled 
electricity industries in the subsequent four chapters illustrates in 
detail the degree to which such modeh are not only limited by lack of 
information, but can result in a misleadingly simple view of 
environmental impacts by trying to reconcile the highly specific 
effects of pollution with more generalised objectives of energy policy.
I k 3
CHAPTER VI : Discussion of the Methodology and 
Terms of Reference of this, and other. Energy/ Environment Studies
1 - Introduction : What to include in an Energy/Environment Study
Accepting that, for the reasons given in the introduction, it is 
a legitimate and useful exercise to compare the total environmental 
impacts of different fuel industries, the question becomes what these 
impacts are. For example, should one include risks with a low, possibly 
indeterminate, probability of occurrence, and potentially disastrous, 
but also difficult to predict consequences as well as routine, but easily 
quantifiable pollution, and if so how does one balance these two types 
of effect against each other? Then, apart from straightforward 
environmental effects, how does one classify, and should one include, 
effects such as resource depletion? Looking further afield, should one 
include effects which cannot really be classed as environmental but are 
external to the market such as the social repercussions of a project? 
Finally, with all these effects there is the problem of establishing 
whether in fact they are external in the first place and if so to what 
degree, for there may be compensatory adjustments in the market which 
accommodate them to a greater or lesser extent. For example, how far 
are occupational hazards internalised by wages and compensation schemes?
It is hard to say whether the difficulty of defining what the externalities 
are is a direct reflection of the equivocal and imprecise nature of the 
economic theory dealing with externalities or whether the difficulties 
of economic theory in this respect derive from considerations such as 
those mentioned above.
Assuming that we know what the relevant externalities are, they must 
all be included, no matter how difficult it is to quantify them and though 
this may well entail some sort of multidimensional analysis rather than a 
rigorous CBA, Subjective and unquantifiable effects are no less valid 
than objective ones expressable in monetary terms. The remote risk of a 
potentially catastrophic event is just as much an externality as routine 
pollution and therefore just as worthy of consideration as already argued 
in the section on CBA, Apart from the coimnonsensical reasons for this 
approach, there are two others. The first is philosophical. Though on
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the one hand the number of factors that have to be taken into account 
may be so many as to make any decision impossibly complex, on the other 
to concentrate the debate on certain areas which at first seem of 
special importance too far anticipates one’s final results and could lead 
to a distorted view of the overall situation. Odum sees this problem 
as that of reconciling the holist with the reductionist approach (237 ). 
While reductionism is important and has dominated science for the last 
half century, certain principles only emerge through the holistic approach, 
a point well illustrated in the holistic science of ecology. The debate 
currently being conducted in many countries and on an international 
level on the future of nuclear power, in which environmental considerations 
are playing a major role, demonstrates the significance, and is an example^  
of the holistic approach. Indeed the very idea of comparing the overall 
environmental impacts of different energy industries partly derives from 
this debate and can therefore be said to exemplify the holist rather than 
reductionist ethic. Originally in the nuclear debate concern centred on 
routine radioactive pollution/ 268 ). This was soon shown to be no problem 
and technologists substituted reactor safety as the limiting factor in 
determining the environmental acceptability of thermal reactors ( 75 ).
More recently the proliferation of nuclear weapons that could result from 
the widespread use of nuclear power has been identified as the most 
dangerous side-effect (65 ), (though now even this is questioned for some
see proliferation as inevitable anyway) ( I67 \ and the dangers of not only 
the actual power generation step, but of all the stages in the fuel cycle, 
especially the reprocessing of spent fuel, have been incorporated into the 
debate. Broadening the debate still further, nuclear power cannot be seen 
in isolation, but must be seen as an alternative to other means of energy 
production none of which is free from environmental problems. The bad 
environmental records of other industries have often been cited as 
justification for nuclear power (6 ). Coal and oil have far higher
associated occupational hazards. Wilson maintains that the risks to the 
outside environment from the transport by ship of liquified natural gas 
could be as great as the worst catastrophes envisaged for a nuclear reactor, 
( 279 ) although the longer term effects of radioactivity impair the 
comparison. Finally, just as it can be misleading to look only at 
particular effects of a step in the fuel cycle, or at the environmental 
effects of one energy industry while neglecting others, so, in the final 
reckoning, after all the environmental effects have been weighed up, it 
is misleading to segregate environmental from other considerations which 
must necessarily influence fuel policy. Thus it is inevitable that the
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holistic approach not only pervades every level of analysis, hut 
dictates that analysis he made on every level.
A further argument against the arbitrary exclusion of 
certain externalities from consideration is a practical one: namely
that the distinction between apparently different kinds of externality 
may be more a matter of degree than kind and hence very difficult to make 
or justify. In particular, the line dividing routine pollution - 
the constant discharge of a substance into the environment - from risks - 
the probability that a certain infrequent event will occur and its potential 
consequences - is very blurred. The effects of routine pollution may. have 
a large element of risk attached to them and be largely influenced by 
chance or stochastic processes, such as the weather. Thus air pollution 
is exacerbated by certain meteorological conditions, and routine oil 
pollution from tankers has more deleterious effects at certain locations 
and at certain times of the year than others. By the same token, there is 
a probability of occurrence beyond which a risk may be considered to 
have become routine.
But, even assuming that it is known what the externalities are, 
and adequate justification can be given for including them in the analysis 
and possibly excluding others, the matter does not end there. For complete 
consistency, and in accordance with holistic doctrine, one should look 
at the environmental effects not only directly resulting from the activity 
under scrutiny, but also from changes in the level of all the other 
activities, throughout the economy, that the original activity sets in 
motion. For example, the infrastructure necessitated by any energy 
development - roads for a coal mine or oil terminal - should be examined 
also for environmental effects. And more important, the secondary, tertiary 
and further effects caused by the various back-up industries should be 
included - the environmental effects of mining the materials used to 
construct the energy installations, for example. This "risk accounting" 
is the environmental equivalent of energy analysis. However, it is free 
of one of the main criticisms of energy analysis - namely that energy analysis 
iis to some extent redundant in that it covers ground already accommodated 
in the normal working of the economic system (i,e, it substitutes energy 
for money) - since the effects being studied are by definition excluded 
from the working of the market,, although in practice it may be difficult 
to establish the degree to which this is so. Thus risk accounting would
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appear to be a very useful, and indeed the only legitimate way of 
looking at the environmental effects of energy production and use.
The Canadian Atomic Energy Control Board has used it to show that, 
in terms of damage to human health, not only are coal and oil produced 
electricity more dangerous than nuclear-based electricity as already 
widely known, but so are wind and solar power, largely because of the 
large amounts of material and labour they need. The risks come from 
conventional activities, such as mining and construction (I89 ). The 
only way of capturing all the effects of an industry throughout the 
economy would be to perform some kind of input-output analysis, 
assuming that the data requirements of a more detailed general 
equilibrium approach would be impossibly great. This, however, would 
be an immense task and for the purposes of this study I confine myself 
to the first order, direct effects of the energy industries, analysis 
of which is in any case a necessary first step in a more rigorous 
analysis of the type described above. Anyway, at the risk of 
anticipating the result that an input-output study would yield, it 
seems likely that the "environmental multiplier" effects of the 
traditional energy industries which deal with concentrated forms of 
energy, coal and oil, would be far smaller proportionately than the 
direct environmental effects resulting from their winning and use than 
with technologies such as solar and wind power where the major effort 
comes in constructing devices which will collect a very diffuse form 
of energy and, once built^whose operation is comparatively harmless. 
However, although it seems that the environmental multiplier effects of 
the unconventional energy sources are more significant than those of 
the conventional forms, it is not possible to say a priori which of 
coal or oil has the greatest environmental multiplier effects.
This study, like most others on the relative environmental effects 
of the energy industries, is restricted from the outset by not adopting 
the input-output approach. However, it can still highlight some of 
the problems that a more comprehensive approach would encounter, for 
the problems of a single level analysis are compounted in a multi­
level one, and point to some of the defects of earlier first-order 
studies.
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.2 Normalisation
Having decided what the environmental effects are, the usual 
procedure for comparing the environmental effects of different fuel 
cycles is to reduce them to the same output of energy. Thus the 
environmental costs can be weighed against the same benefit for each 
fuel cycle, or normalised. The normalised unit may be the annual output 
of a 2000 megawatt capacity power station, a kilowatt-hour of electricity, 
or any other convenient quantity of energy.
If the environmental impact is simply proportional to the amount
of energy output normalisation is simply a matter of dividing the former 
by the latter. However, this is often not the case. Even if the amount
of a residual is proportional to the energy throughput,the impact is
seldom proportional to the amount. But usually not even the amount 
of environmental residual is so simply related to energy throughput. The 
environmental impact may be related to the past activity of an industry, 
as with acid drainage from coal mines. In this way some of the effects 
of present developments will only manifest themselves in years to come. 
Conversely, the effects of an industry may be related to its capacity 
rather than its actual throughput, and hence expectations about its 
future throughput. In either case, disregarding problems of discounting, 
one could normalise over the life of the effect or the industry, as the 
case may be, if one knew what the future effects or level of activity 
of the industry were to be. Indeed, in principle, no matter how complicated 
the relationship between the level of activity x of an industry and its 
environmental effect,f(x), one could normalise the impact if one knew 
the relationship using the simple formula;
Normalised impact = x.f(x)J
But the fact is that the more complicated the relationship the less is the 
chance of its being known, and often the linear hypothesis is made simply 
to simplify the calculation and to have some sort of guide for action, 
although in many cases the assumption of a linear relationship between 
a level of environmental output and its effect is quite unfounded.
Moreover, not only is normalisation difficult because of the afore­
mentioned practical considerations, but, as the following survey reveals 
there are serious theoretical obstacles to the use of normalised impacts. 
These will be dealt with in the conclusion. Energy conversion factors will
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be taken from the 1976 Digest of United Kingdom Energy Statistics 
(and are given below), and it is assumed that the efficiency of all 
stages in the fuel cycles up to conversion to electricity is 100%.
Since the efficiencies of all the stages preceding the actual generation 
and transmission of electricity are high ( 38 )  ^applying the necessary 
conversion factors would make little difference to the environmental 
impacts which are very uncertain anyway.
Coal Oil Electricity Energy Electricity Generated
1 m tonnes = 585,000 tonnes = 7,518 GWh = 2,235 GWh
.3 Terms of Reference
In what follows an attempt will be made to quantify the 
environmental effects of the coal,oil and electricity industries as 
far as possible. This study will examine only the effects of these 
industries upon the outside environment. Though often included along 
with environmental effects in other studies, considerations such as 
resource depletion and the social repercussions of energy developments 
will not be dealt with here. The reasons for treating the environment 
impact in isolation from other issues have already been given in Chapter 
I.
Occupational health and safety will be excluded from the analysis 
because it is the best documented area of the inter-comparison of 
the social costs of different energy industries and one in which several 
studies have concentrated their efforts. For example, Inhaber (189 ) 
concentrates on occupational health and safety, as does a study by the 
Health and Safety Commission (310 ). Exclusion of occupational health 
and safety also avoids the complex problem of comparing effects which 
have been internalised to a certain, but debatable, extent with those 
which are still mainly external, and of determining to what degree 
occupational health and safety is internalised. At the same time this 
creates the problem of deciding where to draw the line between the 
internal and external environment. An accident at an installation 
may have consequences far beyond the perimeter fence (this is particularly 
true for many energy-related developments) so the resources devoted to 
preventing the accident must benefit those both inside and outside the 
installation. As seen in Chapter IV, developments in the law relating
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to pollution reflect a growing realisation of this link between 
the safety of the worker and that of the general public,as 
exemplified by the dual responsibility of the Health and Safety 
Executive.
As far as the environmental effects are concerned, both routine 
pollution and rare serious events must be included. Although it is 
difficult to compare the two, some perspective can be gained by 
averaging the consequences of estimated accidents over an extended 
period. This requires knowledge of the probabilities and consequences 
of a spectrum of possible accidents.
k Environmental Indices
In looking at the environmental effects of the energy industries, 
the following environmental indices are relevant;
.U.l Air Pollution
80g (Sulphur dioxide)
NO and NOg (Nitric oxide and nitrogen dioxide) - Of all the 
oxides of nitrogen only these are considered to be pollutants.
Particulates - The word particulate is used to describe a wide 
range of chemically diverse liquid and solid matter which has certain 
physical characteristics in common. Particulates may vary in size from 
0.005 (a cluster of molecules) to 500 jam (a visible dust kernel) and 
are suspended in the atmosphere. They do not go into solution but will 
ultimately settle out, although fine particles (less than 20 um diameter) 
act as gases and may remain aloft for months or even years. Primary 
particulates are injected directly into the atmosphere while secondary 
particulates are formed in the atmosphere by the reactions of SOg, NH^, 
NOg, and hydrocarbons and have a size range of 0.01 to 1 ;am (25 , 38,
88 , 366).
CO (Carbon monoxide)
Hydrocarbons - Volatile fractions of fossil fuels, polycyclic 
organic matter, polyhalogenated hydrocarbons.
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Emissions are expressed in tonnes and are proportional to the amount 
of fuel involved. But the effects will depend on the way in which the 
emissions are made (e,g, the height of the stack, the emission velocity 
and the buoyancy of the plume for power station emissions), and the local 
topography and meteorology and pre-existing pollution levels, as well as 
the amount and nature of the pollutant. Several models relating emissions 
to ground level concentrations exist ( 88 ,3^ 0 ), Concentrations areoexpressed in parts per million (ppm) by weight or /ag/m .
Air pollution can adversely affect human health, vegetation and 
agriculture, and materials, but there are many problems in assessing 
dose-response functions, some of which are mentioned under the relevant 
parts of the SO^  section , Notwithstanding extravagant claims to the 
contrary, upon which misleading predictions of the number of deaths arising 
from fossil-fired power station air pollution are based , -( 107 ) - "in spite 
of the many important studies performed, there is currently no reliable 
methodology to estimate how many more cancer cases and how many more 
heart attacks and other diseases have to be anticipated as a consequence 
of the normal operation of this or that type of electric generator" ( 23^  ).
The "regression formulae developed are of no use because they are not 
based on known and controlled populations, the exposure measures relate to 
concentration measurements made at several geographic locations but are 
not a measure of personal exposure, and the full spectrum of air pollutants 
is not represented in the equations" ( 362 pl-l4). This situation contrasts 
strongly with that for nuclear power where there is detailed knowledge of 
radiation health hazards and dose-response functions ( l80 ).
As far as the pecuniary repercussions of air pollution are concerned 
the most reliable information and econometrically sound models relate 
to the effects on property values in the U,S. (see Chapter .IX,-Section 5.1).
■ 4.2 Water Pollution
As with air pollution, the effects of a water pollutant depend more 
on other factors than the nature and amount of pollutant discharged, such 
as its concentration in the effluent, the nature of the receiving medium, 
and its capacity to absorb the waste loading imposed upon it.
Pollutants of interest here are; oil, dissolved and suspended solids, 
heavy metal salts and acids and alkalis, emissions of which are charact­
erised by their weight (in tonnes), and concentrations are given in parts 
per million (ppm), pH values of acids and alkalis are important. Thermal 
pollution is also dealt with arid given in terms of the volume and temperature 
rise of the water discharged.
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Writer pollutants; may act directly on aquatic organisms, as does the 
toxicity of heavy metal ions and oil or the heat from thermal pollution, 
or indirectly by reducing the oxygen content of the water. This they 
may do by instigating or accelerating oxygen-demanding reactions, as low 
valency metal salts and thermal pollution do, or interfering with the natural 
oxygen-replenishment mechanisms, as do some suspended solids which cut 
off light from the water and so reduce photo-synthetic reactions,or oil 
which covers the water surface and so prevents re-aeration through the 
surface.
Industrial water pollution is seldom a threat to the health of man 
or higher organisms. But it can be lethal to aquatic organisms and lead 
to a reduction in the species diversity which is held by ecologists to 
be indicative of the stability of an ecosystem. Water pollution may also 
make water unfit for human consumption or industrial use, (-21 )«
Apart from pollution, an industrial development may simply interfere 
with the hydrology of the area. For example, the level of the water 
table may be reduced if a development results in less water infiltrating 
the surface, as occurs when vegetation is removed and surface run-off 
thus increased, or the drainage from an area otherwise increased (e.g, 
through trenching for drains and pipe lines). Surface waters on the 
other hand - streams, rivers and lakes - will receive more sudden 
inflows of water when it rain^ by which their ecology may be 
affected. Developments may also affect water courses by the amount of 
water they abstract or by altering their course, A coastal installation 
abstracting large quantities of water might affect the freshwater table/ 
saltwater table balance resulting in the contamination of streams and rivers 
by saltwater and the salination of soils (340).
-4.3 Solid Wastes
These can be expressed in terms of mass of waste produced, but 
their impacts can best be described in terms of other indices. They 
constitute land pollution in that they occupy an area the size of which 
for a given mass of waste depends on the density of the waste and the way 
in which it dumped (e.g. height and shape of tips), and may be aesthetically 
objectionable. Run-off from a waste pile may give rise to water pollution. 
And removal by the wind of particles from the surface of a waste pile may 
cause air pollution. Wind erosion occurs most readily at particle diameters 
of 100 |im. At 50 Jim or less, attractive forces between particles 
prevent erosion (94 )•
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4o4 Làiid Pollution
Land pollution can manifest itself in three ways: ecological impact, 
physical impact in terms of area occupied, and aesthetic or amenity 
effects. Though most land-based developments will result in varying 
proportions of all these effects, there are limiting cases of each.
Pesticides and herbicides for example will have purely ecological effects. 
They do not interact with the soil but remain to be taken up by living 
organisms.
Those developments which cause most actual disruption of the land 
itself are those with the largest physical impact in terms of area occupied. 
For example, surface mining results in large-scale removal of the soil, 
while deep mines will result in spoil heaps which might occupy land which 
could be used for other purposes. In the U,K. much land has been lost 
in this way in the past. Today, however, good agricultural land is 
protected from such despoilation, or restored afterwards.
The physical impact can be divided into a fixed impact, which does 
not change over the life of the development, and an incremental impact 
which depends on the level of activity of the industry, or, in the 
present context, energy throughput, A unit of land impact used in some 
studies is the acre-year. Some such studies go into considerable detail 
over how to average the physical land impact over the life of a development 
under different assumptions about the timing and effects of restoration( 38 )
But such detail is considered redundant in this study.
Far more important than the physical impact is the aesthetic one.
After all, the most extensive developments can be made quite pleasing to 
the eye if trouble is taken over design and landscaping. By the same 
token, a development occupying minimal space, such as a transmitter or an 
aerial, can, if inadequate thought is given to its siting, prove unsightly 
and objectionable.
Though there are certain norms - nobody likes a landscape marked by 
spoil heaps - the aesthetic impact of any development is by definition a 
matter of subjective, personal opinion. Some work on obtaining a more 
objective measure of visual pollution has been done. However, existing 
techniques are only applicable to large-scale surveys, and little has been 
done on single sites. One can calculate the zone of visual impact of an
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installation, and the number of people subjected to a view of the 
installation, but beyond that evaluation is dependent on subjective 
opinions relating to the existing character of the site in which the 
installation is to be located and the ensuing change in this character ( 340 ).
4o5 Public Health and Safety
Many of the aforementioned impacts can result in effects on public 
health and safety, which may also suffer from more direct impact (i,e,
■without' some form of pollution acting as intermediary) from rare 
serious events such as explosions or tip slides' , Broadly, these public 
health effects may be divided into two categories: fatal and non-fatal.
Since pollution-induced death and disease may manifest itself after 
exposure to the pollutant, there is the problem of relating future effects 
to present activity - apart from establishing a causal link some suitable 
rate of discount must be applied to these costs of pollution and benefits 
of pollution control. And with non-fatal health effects, there is the 
added problem of comparing the many different forms and degrees of severity 
that this may take. The usual approach for occupational health is to 
express non-fatal effects in man-days lost and find the average number 
of man-days lost for a non-fatal accident in each industry. However, 
no corresponding methodology has been developed for public health effects, 
presumably because the necessary data on such effects does not 
exist.
The value of life and health is the subject of an extensive literature, 
and, if adequate data on the health effects were available, could be used 
to derive the costs of the impact on life and health of an environmental 
effect. However, unlike other environmental effects where the problem is 
to think of a way of evaluating them in monetary terms, the problem with 
life is to choose which among the many alternative values which have been 
attributed to it to use. The value of life and %he efforts made to 
protect it seem to depend upon the circumstances under -which it might be
lost, as- seen in Chapter III.
Since the choice of the value of life when many alternative values 
exist must be an essentially political decision, the question arises as 
to whether in this sort of study, where so few of the environmental effects 
can be quantified in monetary terms, and the final decision must also 
ultimately be a political one of weighing up many different factors, a 
value should be attributed to life from the outset or life should be left 
unvalued until the end of the analysis and weighed up with all the other 
effects in some sort of multi-dimensional analysis. It seems sensible
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to adopt the latter procedure, for valuing life at an early stage 
could have the danger of apparently removing it from the political 
arena and endowing it with a spurious air of objectivity. In this 
respect premature evaluation of life suffers from the pitfalls of 
reductionism. Indeed the right approach to valuing life may only 
eoaerge when the health costs are seen relative to the other costs 
and benefits of the industry under scrutiny. Because the impact on 
life and health is undoubtedly the most important effect of any 
industry, it seems all the more reasonable to leave it unvalued until 
the end, rather than submerge it beneath other quantifiable elements, 
and then explicitly balance it against the other pros and cons.
Thus I will not attempt to put a value on life in this study. As 
it turns out, few public health effects can be ascertained with any 
certainty.
It is often assumed that if all the normalised impacts could be 
expressed in monetary terms, they could then be added together to 
obtain an overall measure of environmental impact for each fuel which 
could be used as a basis for setting an appropriate environmental 
impact tax.
However, the process of trying to ultimately express . environmental 
impact in monetary terms may break down at several stages. With routine 
pollution, the least one can know is the relationship between the energy 
throughput and the amount of environmental residual produced. The next 
step is to ascertain the effects of the residual. And monetary 
evaluation of these effects is the final stage. With rare serious 
events, one needs to know both the consequences in terms of some 
environmental index and the probabilities of different consequences.
The ensuing stages of quantification are the same as for routine 
pollution.
In the next four chapters, the process of evaluating the 
environmental impact of the coal and oil fired electricity generation 
cycles will be pursued as far as current knowledge permits, in order 
to both obtain some idea of the relative importance of environmental 
considerations in the two fuel cycles and the implications for fuel 
policy, and illustrate the problems energy environment models and the 
economic theory of pollution encounter in practice.
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CHAPTER VII : The Environmental Effects of the Coal Industry
.1 Underground Mines
1.1 Introduction
The coal industry has a long and dirty history in the U.K, where
Coal appears to have been worked since at least Roman times. The
industry has been responsible for more disfigurement of the countryside 
than any other, with coal being mined in greater quantity than any other 
mineral. Indeed, many of today’s environmental problems relating to the 
coal industry are a legacy from the past. Some 2000 million tonnes 
of minewaste from bygone raining operations at a time when tipping was 
unrestricted formed spoil heaps occupying over 12,000 hectares( 191 ) in 
1961. Apart from London and Merseyside, most of the large conurbations 
in Britain are located on coalfields in many of which mining began 
centuries ago. Since no records existed for mines before 1850, this can 
pose considerable problems for engineers redeveloping urban areas (7 ).
Neither are there any records of the positions of many of the 100,000 
old mineshafts in Britain or how they were treated or filled (350 ).
However, such effects are not affected by present coal production, except 
in potentially beneficial ways, such as when old spoil tips are cleared 
in the course of opencast mining, and are hence not of direct relevance 
to this study, which is concerned with the impact of present day mining.
Though nationalisation of the.coal industry in 1947 and the introduction 
of planning law in the same year brought with them a dramatic improvement 
in the environmental record of the industry, and particularly in health 
and safety, the situation was still far from ideal. The concentration 
of attention after nationalisation on first maximising output and then 
on improving the industry’s competitive position, has been to the detriment 
of close attention to land use (. 9 ). Moreover, mines started before 19^ 7
are exempt from the Town and Country Planning Act of that year, as are 
tipping areas used from before 1st July 1948. With the average age of 
mines being 80 years, this exemption applies to most of them.
Indeed, over one third of the output of the National Coal Board 
(NCB) comes from mines over one hundred years old. Hardly any new pits 
were sunk during the 1960’s, and the Royston mine opened in 1976 was 
the first for seven years C 350 ). Thus, the NCR’s plans for a vast programme 
of new mining capacity (briefly described in the preceeding chapter) 
will confront a public whose attitude may be very different from that 
of those who appeared at mine enquiries in the past. New mines are
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likely to provoke more opposition than their predecessors due, 
not only to the climate of increased environmental concern and 
activitism, hut also because they are bigger. There has been a 
trend towards fewer, larger mines (see TableVII.l). Hence the 
greater number of people affected by a new mine can concentrate 
their resources into one campaign and put up a more effective 
resistance. Moreover, they need no longer confine their grounds 
for objection to their own narrow, parochial interests, but, 
following the precedent set by the Windscale enquiry, may, if the 
Secretary of State for the Environment issues extended terms of 
reference to the enquiry, question the need for the development 
in the first place, and its implications for national fuel policy, 
The NCB recognises the rise of environmental opposition as one of 
the major obstacles to its plans (UlO ).
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TABLE VII.1
DEEP-MINED COAL PRODUCTION
Number of Total Output Average OutputYear Mines Producing m. Tonnes per mine
1948 940 200,8 0.214
1949 912 205.9 0.226
1950 901 207.4 0.230
1951 896 208.5 0.233
1952 880 217.8 0.248
1953 875 215.9 0.247
1954 867 217.4 0.251
1955 850 213.6 0.251
1956 840 213.3 0.254
1957 822 214.0 0.260
1958 793 204.7 0.258
1959 737 198.4 0.269
1960 678 189.0 0.279
1961 669 184.8 0.276
1962 616 192.4 " 0.312
1963 580 192.7 0.332
1964 545 189.8 0.348
1965 504 183.0 0.363
1966 442 170.2 0.385
1967 406 167.7 0.413
1967/8 376 165.3 0.440
1968/9 317 155.5 0.491
1969/70 299 142.0 0.475
1970/1 292 135.5 0.464
1971/2 289 110.0 0.381
1972/3 281 129.0 0.459
1973/4 259 98.7 0.381
1974/5 246 116.8 0.475
1975/6 241 114,5 0.475
1976/7 238 108.4 0.455
1977/8 231 106.2 0.460
Source: Ministry of Power Statistical Digest 1967 Table 24
Digest of United Kingdom Energy Statistics 1978 Table 31
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■lo2 Subsidence
Subsidence is an inevitable consequence of mining, though it may 
not take place for many years. But so many are the factors that determine 
the amount of subsidence that will follow a mining operation - the size 
and depth below the surface of the opening, the number and attitude of 
incompetent beds, bedding planes, faults and joints, the method of mining 
and the rate at which the mining operation advances, and the composition, 
physical character and shearing strength of the ground materials ( 51 ), that 
no two cases of subsidence are alike. Indeed, so much more dependent on 
the local conditions and mining techniques than the amount of coal rained 
is the amount of subsidence which follows a mining operation that the 
derivation of some average degree of subsidence per ton of coal mined, which 
some U.S. studies have performed ( 38 ), is an almost meaningness exercise; 
The effects of subsidence also vary enormously according to the use to 
which the affected land is put, and the local hydrology. It may have 
no ill-effects, or it may be very damaging to urban areas, services and 
communications. It can also cause flooding if land falls below the 
water table level, and lead to sterilisation of agricultural land through 
disruption of drainage.
Today, with over 95% of coal mining conducted by longwall techniques, 
subsidence is not a problem, for it follows the advance of the working face 
inevitably and immediately^ , apart from residual subsidence which may 
occur up to two years after the mining and rarely exceeds 5% of the total 
subsidence ( 7 ). The subsidence is predictable and hence a reasonable
assessment of its effects can always be made. If adverse effects upon the 
surface are envisaged, room-and-pillar methods of mining which avoid 
subsidence may be used, and supporting pillars of coal left beneath 
threatened structures. Alternatively, the mine may be back-filled, but 
this is an expensive and difficult procedure.
Should subsidence occur and cause damage, the NCB is legally obliged 
to pay compensation to the victims. In one case where its activities 
were causing earth tremors in and around Stoke-on-Trent, the NCB had no 
alternative but to stop mining altogether in 1977 (390 ).
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1.3 Solid Wastes
Mineral matter is unavoidably extracted with the coal. It may be 
associated shale, mudstone, siltstone, sandstone, or sea earth, and 
in a few cases limestone or igneous rock (348 ). The proportion of waste 
to saleable coal depends on the coal type, type of mine, mining technique 
and seam thickness, and varies from 1:5 to 1:1.25 with an average ratio 
of about 1:2 ( 9 ). Thus, about 55 million tonnes of waste is produced 
annually with the recent decrease in waste due to contraction of the 
industry being offset by the increase as it has become more highly 
mechanised.
Most of the waste is dumped in surface tips as close as possible to 
the colliery to minimise transport costs. As far as land impact is 
concerned, the area occupied is the relevant index and not the mass 
or nature of the waste, though this is important for water pollution from 
run-off and air pollution from internal combustion of the tip. However, 
calculation of the area occupied by a certain amount of waste is 
complicated by the fact that tips vary considerably in shape. The 
height of modern contour tips can range from 6 to 31 metres depending 
on the planning controls. Tips on inclined ground will vary in shape 
and thickness according to the conditions. Moreover, most - 65% in 
1971 according to BlundenC-^ ) - waste is deposited on tipping sites which 
predate a 1950 General Development Order (Town and Country Planning) 
which stated that where a site had been used for tipping on or before 
1st July 1948, the NCB and its licensees could continue tipping on that 
site and extend the area and height of existing tips without further 
permission, though extensions to those sites came under planning law.
Hence, though all new tips are restored and landscaped within 12 months of 
the end of tipping (347 ), and in certain circumstances it is possible to 
reduce substantially the period during which the tip is devoid of 
vegetation by regrading and replanting as the tip progresses ( 21 ), most 
waste is exempt from conditions governing the height, shape, method 
of tipping and topsoiling and planting imposed by planning consents 
on new sites. Many pre-1948 sites still have substantial reserves of 
tipping land in hand.
Making certain assumptions about the average dry density of spoil, 
the East Midlands Planning Economic Council estimated that 250,9 00 
tonnes of waste per hectare could be deposited in old conical tips not 
exceeding 31 metres in height, and 100,300 tonnes/hectare in contour tips 
( 309 ).
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Using these very approximate figures, and a waste to saleable coal
ratio of 1 :2, this means that for each.million tonnes of coal produced, waste
occupying between 2 and 5 hectares is produced depending on the kind
of tip. Thus the aesthetic advantages of contour tips must be
gained at the expense of land use.
Apart from their deleterious effect upon the landscape, tips can 
also present problems of air pollution from spontaneous combustion, and 
water pollution from the run-off of rain. Conical tips are more 
prone to spontaneous combustion than contour tips but are still only a 
minor source of air pollution. Emissions in tonnes per million 
tonnes coal, according to U.S. figures ( 38 ), are given below :
Particulates S0„ NO ,2 X Hydrocarbons CO
3.51 5.27 1.76 1.76 10.56
Such low emissions, spread over a large area and length of time are insignificant 
compared with other emissions from the energy industries.
1.4 Water Pollution
With water pollution too, contour tips are more environment ally 
benign than conical tips because of their superior drainage properties(348 )• 
However, acid drainage can be a problem, particularly for old tips and 
in high rainfall areas. This is created when a sulphide - usually 
pyrites in the case of coal mining - reacts with air and water to form 
sulphuric acid. The amount of pollution depends on the content, 
shape and compaction of the tip, and the hydrology and rainfall of the 
area. Again, only U.S. figures are available and their relevance to the 
U.K. situation will be limited by differences in the coal and waste 
composition and mining and tipping techniques.
Acid mine drainage which occurs from underground mines when they 
are opened is not a serious problem in the U.K., as it is in parts of 
the U.S., since the sulphur content of coal deposits is not sufficiently 
high to result in drainage which causes severe damage to river life when 
oxidised and leached by draining water (82 ). More serious is that which 
occurs after a mine is closed when ground water reverts to its original 
situation overflowing the pit and reaching its original sources.
Contaminated by the debris and abandoned equipment in the mine, 
the water has a high mineral content. The only method of control is 
by continual pumping, but in only a few cases in the U.K. is this necessary (432) 
and it is not as great a problem as the water pollution from either tip 
drainage or washery effluents.
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Water pollution from coal washeries is the main environmental 
problem in coal preparation. The polluted water may be treated by 
passage through settling ponds and oil traps before discharge or 
discharged directly to watercourses, depending on the requirements of the 
local Water Authority, When the relevant parts of the Control of Pollution 
Act 1974 are implemented, a greater proportion of the effluents will 
have to be treated than at present, at considerable expense to the NOB. ( 350 )
.2 Opencast Mining
2.1 Introduction
Opencast coal is far easier and cheaper to win than deep mined coal.
While deep mined coal usually makes a loss, or at best breaks even, 
opencast coal was making a profit of £1,73 a tonne in 1976 (404 ). Many 
opencast mines provide coals of a special quality. Over half the NCB's 
anthracite, a fuel of which there has recently been a world shortage, 
comes from opencast mines. Other sites yield coking coal for the steel 
industry, which is also in short supply. Finally, some opencast mines 
provide high quality steam raising coal , which is sometimes needed for 
blending with deep mined coal in order to make the inferior deep rained 
coal acceptable to the market. Yet since opencast operations began as 
a wartime expedient in 1942 they have never made a great contribution to 
U.K. coal production (See table VI.2), reaching a peak of
14,5 million tonnes in 1958. This subordination of opencast coal to 
deep mined output has come about partly because the greater flexibility 
of opencast mining has meant it can be conveniently varied to balance 
supply and demand, and partly because of opposition from the National 
Union of Mineworkers (NÜM) to further opencast operations during the 
1960’s, so that deep mine jobs would be protected at a time when the 
coal industry was contracting in the face of competition from cheap oil.
Today, however, with the coal mining industry as a whole expanding 
and profitability a major consideration, the future of opencast mining 
looks more secure. In its "Plan for Coal" ( 337 ), the NCB envisaged the 
production of 15 million tonnes of opencast coal by I98O after which production 
could rise to 20 million tonnes a year,. Known reserves of coal mineable 
by opencast techniques could sustain a production of 15 to 20 million 
tonnes a year for 100 years and are conveniently sited throughout England,
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TABLE VII,2
Opencast Coal Production 
Million Tonnes
1941 0 I960 7.7
1942 1.3 1961 8.7
1943 4.5 1962 8.2
1944 8.8 1963 6.2
1945 8.3 1964 6.9
1946 9.0 1965 7.4
1947 10.4 1966 “7;i
1948 12.0 1967 7.2
1949 12.7 1968 7.0
1950 12.4 1969 6.4
1951 11.2 " 1970 7.9
1952 12.4 1971 10.6
1953 11.9 1972 10.4
1954 10.3 1973 10.1
1955 11.6 1974 9.3
1956 12.3 1975 10,4
1957 13.8 1976 11.0
1958 14.5 1977 13.5
1959 11.0
Sources; Annual Abstract of Statistics 1937-47 - HMSO 1948 Table 126
Annual Abstract of Statistics 1956 - Table 150
Annual Abstract of Statistics 1967 - Table 160
Digest of U.K. Energy Statistics 1978 - Table 22
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Scotlaiici'-and Wales. Furthermore, the operations would benefit a thriving
industry in the necessary earth moving equipment which has grown in the
U.K, while all the technical problems of opencast mining and restoration 
of the sites have long been solved.
Despite all these points in favour of an expanded programme of
opencast mining, the fact that the NCB is today finding it harder than 
ever to obtain public acceptance of opencast mining (392 , 404 bodes ill 
for the proposed expansion and suggests environmental opposition may be 
the main impediment to that expansion. Examination of the problems,
however, reveals that environmental arguments, if used at all, should be 
used in favour of opencast mines, particularly if the environmental 
impact is compared with that from deep mined coal.
■\ 2 o 2 Land Impact
Opencast mining avoids both the major land use problems of deep 
mining, tipping and subsidence. Every mine is subject to planning control 
under the Opencast Coal Act 1958, and all are restored to at least their 
former state. Agricultural land is given a 5 year remedial course by the 
Ministry of Agriculture, Fisheries and Food (MÂFF). Forest land is 
replanted, Where opencast mining takes place on the site of former 
mining activity, as it often does, or other dereliction, the restoration 
results in an improvement of the land and the removal of the dereliction.
Old and dangerous mineshafts are filled in, derelict buildings and 
foundations removed, waste tips reshaped and subsided land consolidated.
It is for this reason that many local authorities encourage opencast mining 
on land under their jurisdiction. Restored land can be built upon ten 
years after restoration. Since 1942 the Opencast Executive which is 
responsible for the restoration of opencast mines, though the actual working 
of the coal is done by independant contractors, has restored 50,000 hectares 
of land to agricultural use and improved 650 derelict hectares which had 
been old mineworkings, leaving it as good agricultural land ( 404 ),
The only adverse environmental effects occur during the mining 
itself, and these are merely the noise made and the visual impact.
Both the audio and visual impacts are cut down by earth baffle mounds
along the side of the pit which screen the operations from view. Most
sites are worked at a depth of 61 to 92 metres, but some are far deeper ( 9 )
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In 1976 there were over 60 sites in production, producing 11 million 
tonnes of coal and occupying more than 20,000 hectares (433). The average 
site occupies about 250 acres and produces 200,000 tonnes of coal
during its life but there is an enormous range, and the site at
Butterwell, which in 1977 received planning permission after an 8 year
wait, occupies 2000 acres and will produce 12 million tonnes of coal
altogether (350). The average lifetime of an opencast mine is 3 to 4 
years, but again there is an enormous variation and it may be only 2 
years,while the oldest opencast mine has been in operation since 1949, 
produced 19 million tonnes of coal and has 8 years life left,
3 Transport by Rail
Several American studies have concluded that the most dangerous 
step in the coal cycle, as far as human health is concerned, is that when 
the coal comes into closest contact with the public - during its transport 
from the mine to its point of use. Both Sagan (252) and Hittman Associates
Inc, ( 38 ) estimated that more deaths occurred during the transport of' coal
than from its mining, while the-USAEC ( 362) found that this was by far the 
most dangerous threat to the public ( as opposed to occupational) health.
These studies assume that the number of accidents is 
proportional to either the weight of coal (as do the USAEC and Hittman 
Associates Inc.) or the number of truckloads of freight carried (as 
Sagan does). A similar calculation may be carried out to estimate the number 
of deaths attributable to coal transport by rail in the UK. Assuming 
that the number of deaths and injuries to railway employees and non­
passenger general public are proportional to the number of loaded train 
kilometres travelled and that there is no difference whether the trains 
are passenger or freight trains, and given the number of loaded freight 
train and loaded passenger train kilometers travelled, it is possible, 
making certain other assumptions as well, to gain a rough estimate of 
the number of deaths and accidents on the railways attributable to coal 
carrying trains. Passenger deaths are omitted since these are less likely 
to be as affected by the number of freight train kilometers travelled as 
by the number of passenger train kilometers travelled.
In 1975 76 million loaded freight train kilometers were travelled 
out of a total of 404.8 million passenger and freight train kilometers.
Of a total of 1283 million loaded wagon kilometers, coal and coke accounted 
for only 470,5 million, although they occupied 4,6o8 thousand of the 8,110 
thousand wagons forwarded (296 ). This implies coal and coke journeys, are 
shorter than the average freight journey. Assuming coal freight trains 
are of the same length as other freight trains, the distance travelled
165
by coal and coke freight trains is 470,5/1283 of the total distance 
travelled by all freight trains. . In 1975 97 million tonnes of
coal were carried by British Rail ( 332), and there were 46 deaths and 568 
accidents ( 296) from all trains. Therefore the number of deaths attributable 
to the transport of each million tonnes of coal is:
470.5 X 76 X 46 = 0.033
1283 X 97 X 404.8
This is more than an order of magnitude lower than U.S. estimates 
(See Table VI.3). The most likely reason for this discrepancy is the 
far higher number of accidents caused by freight trains in the JUS 
(2300 non-passenger fatalities a year). Moreover, the above estimate 
is probably an overestimate because freight trains, going slower and 
more often travelling at night, are not as likely to be as dangerous 
as passenger trains, and power station coal is likely to travel less 
than other coal, since power stations are normally built close to the 
coalfield.
TABLE V3i3
Comparison of U.S. estimates of deaths and injuries caused by i) transport 
of 1 million tonnes of coal by rail and ii) mining of 1 million tonnes coal
HittmanAssociatesSource Inc. ( 38 ) USAEÇ (. 362_^ Sagan ( 252 )
i) Transport
Deaths 1.48 0.24 0.64
Injuries - 2.16
ii) Mining
Deaths 0,28 0.42 0.25
Injuries 13,8 16.60
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4 Conclusion
The environmental effects of the coal industry are well defined 
and understood. Apart from the extremely unlikely occurrence of a tip 
slide, measures against which were reinforced after the Aberfan 
disaster, there are no dangers to public health which are significant 
or peculiar to the industry. Most effects relate to amenity and 
landscape and their evaluation is hence predominantly a- subjective 
matter. Evaluation is further complicated by the fact that objections 
to environmental impacts may also conceal less explicit objections 
on social grounds. ' For these reasons and also because such amenity 
effects are highly site specific, the derivation of normalised 
indices as performed in some US studies, lends a misleadingly objective 
veneer to any analysis. Not only are such normalised indices 
deceptively simplistic, but they may also over-dramatise effects which 
upon inspection prove to be quite harmless, such as the subsidence which 
is a normal and predictable part of mining operations, or easily 
mitigated, as with the landscaping of tips. On top of these many of the 
adverse effects of coal mining raised by US objectors are of lesser 
importance in the UK situation. . This is the case with acid mine drainage, 
for example, and also for the chief non-amenity effect - the threat to public 
health from the transport of coal which a simple calculation shows is at 
least an order of magnitude less in the UK, and certainly not on a par with 
the occupational dangers miners face, as in the US. And opencast mining, 
which raises the fiercest opposition to the coal industry in the US, is 
not only far less practised in the UK than the US (and usually for 
particularly valuable coals and not power station fuel), but when it is, is 
usually less deleterious than underground mining, avoiding the major problems 
of solid waste and often improving the land beyond its original state.
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CHAPTER VIII ; The Environmental Effects of the Oil Industry
1 Introduction
Analysis of the environmental impact of the fuel cycle which 
results ultimately in the generation of electricity from oil presents 
special difficulties because the UK oil industry is at present under­
going a major transition. Having imported all its oil until 1975, 
in 1976 the UK was producing 11.5 million tonnes of oil from the seven 
fields that were on stream in the North Sea, with seven more fields 
due to come on stream by 1979. Fourteen platforms had been installed 
and five more were under construction. The North Sea was producing 
around half of UK consumption by the end of 1977 and production by 
the 1980's is forecast at between 100 and 150 million tonnes (307 ). 
Thus, for the 30 years or so that the North Sea is expected to be 
producing oil, the UK will have to bear the externalities associated 
with the production of oil as well as those to which it is already 
subjected from the import and processing of oil. Oil will still have 
to be imported, probably in quantities not much less than those 
imported today, for blending so as to make North Sea oil suitable for 
UK refineries.
Because of the nature and youth of the North Sea oil industry, 
it is not possible to assess the level of many of the externalities 
to which it will give rise. The North Sea presents unprecedentedly 
difficult conditions for offshore production, and the new technology 
which has had to be devised to cope with them has yet to withstand the 
test of time. For example, very little is known about the extent and 
significance of corrosion on steel platforms ( 275). Moreover, the 
greatest dangers in industry are from low probability, high-consequence 
occurrences which are harder to analyse than routine pollution, and 
the already considerable part played by human error and acts of God in 
causing pollution in the industry when the UK was merely an importer 
of oil is bound to be increased by the production aspects.
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When looking at the externalities associated with a particular 
oil product, as is the case with electricity generated by residual fuel 
oil (RFO) combustion, there is the added complication that up to and 
including the refinery stage the externalities incurred must somehow be 
divided among all the eventual products. This would be possible in theory 
if the product of interest is obtained by distillation (as RFO is) for 
so long as the oil undergoes no chemical change (i,e, up to cracking) the 
various constituents of the oil can be thought of as possessing discrete 
physical and chemical properties which determine their effects on the 
environment, although this neglects synergistic effects. For example,
RFO is less toxic but more viscous than the lighter fractions and is 
hence more likely to immobilise than poison seabirds, and contains more 
sulphur than other fractions so giving rise to more SO^  emissions from 
the refinery stage. But little enough is known about the overall effects 
of crude in the environment, let along those of its various components.
Even if the effects of crude, and how to attribute these to the 
various components,were known, the assessment of the externalities assoc­
iated with a particular component must also take into account the way in 
which the demand for crude oil is affected by the demand for that component. 
There may be sufficient flexibility in the industry to enable increased 
demand for a particular product to be met up to a point without requiring 
more crude, by some sort of internal readjustment,in which case no extra 
production externalities will be incurred. Or there may have already 
been a surplus of the required product in the first place. On the 
other hand, if increased demand for one product does lead to an increased 
demand for crude, and this results in a surplus of other products, then 
the externalities associated with those other products must somehow be 
attributed to those for which there is a demand, and the situation becomes 
impossibly complex.
For the purposes of this study, it will be assumed that the demand 
for crude is proportional to the demand for RFO, so that for every tonne 
of RFO required 100/x tonnes of crude are needed, where x is the percentage 
composition by weight of RFO in crude, and the proportion of the extern­
alities from the crude that should be attributed to the RFO component is 
x/100 (which implicitly assumes that the effects are proportional to weight 
of the component and that there is no surplus of any other product after 
refining). Hence, up to the refinery stage, the externalities from one 
tonne of RFO are the same as those from one tonne of crude. After being 
separated at the refinery RFO, being too viscous to be piped to its 
destination, is usually transported to the power station by ship or by
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railway, unless there are“acrgss-the-fence"facilities such as at 
Fawley and Pembroke power stations. The distance is not usually 
far since oil-fired power stations tend to be sited on the coast, 
near the supplying refinery. However, should a spill occur, 
effects peculiar to RFO and resulting from its particular properties 
will manifest themselves.
The same problem of allocating externalities between products 
of a common origin is raised by wells which produce both oil and gas. 
However, since apart from the Brent Field no proven field has shown 
a sufficient quantity of gas to justify a separate gas pipeline, to 
the shore, and in 1976 88% of the 860 million cubic metres of 
associated gas was flared ( 307 ), it will be assumed that all the 
externalities from oil producing fields are attributable to oil 
production. In future more associated gas may be found to be 
recoverable, thus invalidating such an assumption.
.2 Oil at Sea
2.1 Introduction
Apart from the laws and regulations which induce oil companies 
and tanker owners to do their utmost to prevent oil from escaping 
to the sea, should any escape occur, pollution of the sea by oil is 
the subject of several conventions and agreements which go a long way 
towards internalising the costs of clearing pollution of the sea and 
any damage the pollution may do (see Chapter IV )• However, while the 
costs of cleanup are well known as a function of the size of the spill 
( 302) (although, as will be seen later, the ecological effects of 
cleanup using dispersants are in dispute), the damages from oil pollution 
are not well established, and hence it is difficult to know whether the 
preventitive measures are adequate, or what level of liability would 
be appropriate to a particular incident.
Oil can be released to the sea at every.stage in the oil-fuel 
cycle: exploration, production, transport, processing and product
distribution and use. But to look merely at the amount of oil that is 
discharged at each step gives no indication of the environmental damage 
that will ensue. On this basis concern over oil released from the 
production and transport of oil at sea should be dwarfed by that over 
oil released from land based sources (such as discarded engine oils and 
lubricants which find their way to the sea) according to some estimates 
(see Table VIII. 1 ). (A.n important distinction here, though, is that all 
dumping of oil on land is illegal, whereas some discharge of oil at 
sea is permitted but more urgent control is kept over this than is
en
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p^ossible oyer l&nd-b&sed sources.) More important than the amount 
of oil is the rate at which, and area oyer which it is discharged, 
the type of oil, and the enyironment into which it is discharged.
Thus, although the greatest amount of oil released to the sea hy 
the oil industry comes from the operational discharges of tankers 
■which do not use the load-on-top system, the worst impact on the 
enyironment comes either from large sudden spills such as occur with 
some tanker accidents and oil well blow-outs, or repeated routine 
discharges and small accidental spills in shallow or enclosed waters 
such as those of ports and terminals or near the coast.
In what follows frequent reference will be made to a report 
"Accidental Oil Pollution of the Sea" prepared by the Department of 
the Enyironment's (DOE’s) Central Unit on Enyironmental Pollution 
(CUEP) in 19T6. Using a model deyised by the Massachusetts Institute 
of Technology (MIT) and predominantly American data, the CUEP deriyes 
probability distributions for both the number and size of oil spills 
from various sources which will occur in UK waters in I98I, assuming 
that the UK is then producing 130 million tonnes of oil from the 
North Sea and making further assumptions about the amount of oil that 
the UK and north-west Europe will have to import. The CUEP report 
recognises that "the analysis incorporated a number of debatable 
assumptions and much of it is based on foreign data derived from a 
very different enyironment and therefore or arguable relevance to the 
UK" and does "not pretend that the decision on the level of response 
capability required can, at the end of the day, be anything other 
than a subjective judgement". (302 SI.19). However, it also maintains 
that "the predictions cannot be significantly improved until more 
comprehensive and reliable data are available", (302 82.2) and are 
hence the best present assessment of the situation.
2.2 Large Spills
2.2.1 Tanker Accidents
There is far greater potential for the occurrence of catastrophic 
events offshore than on land due to the threat from shipping and storms 
and the logistical problems of controlling a disaster once is has 
happened.
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The greatest danger in terms of potential consequences 
is that of a tanker accident which, if a very large crude carrier 
(VLCC) is involved, could release hundreds of thousands of tonnes 
of oil to the sea all at once. In 19&7 The Torrey Canyon released
117,000 tonnes of oil on going aground off the south-west coast of 
England, and instigated the present system of pollution control in 
this country. More recently, the Amoco Cadiz tanker broke its back 
on rocks off the Brittany coast in March 1978, spilling 220,000 
tons of crude oil (374 , 377). Three months earlier two 300,000 
ton super tankers, one with a full cargo, collided off the South 
African coast, and a large spillage was narrowly avoided. But far 
smaller spills can also be very damaging.
Tanker accidents can occur in many ways: from collisions 
between ships^  with fixed structures and with the sea floor or wrecks, 
and also from breakdowns, fire and explosions. About half the 
accidents occur in or near ports, but more oil is split in accidents 
as the result of collisions, groundings and structural failures*
In the English Channel, through which a quarter of the worlds oil 
traffic passes, the danger of collisions would appear to be even 
higher, and six out of the eight accidents which occurred between 
1970 and 1976 had this cause (302, Appendix G).
Human error often plays a significant part in tanker accidents, 
and has been blamed for over threequarters of them ( 373). As well 
as better trained crews, the design of traffic sepearation schemes can 
decrease the possibility of accidents, Another approach is to design 
tankers so as to reduce the probability that a collision, should it 
occur, will result in the spillage of oil. This latter measure would 
be very expensive, and this is one reason why the US eventually 
abandoned attempts to prevent pollution by having tankers fitted with 
double bottoms ( 402 ).
As far as the Channel oil traffic is concerned, only 130 million 
tonnes is bound for the UK while 315 million tonnes passes through on 
its way to north-west Europe. This flow is not expected to be 
significantly changed by North Sea oil production for the UK will still 
have to import considerable quantities of oil for blending, while much 
of the increase in demand for oil by North West Europe will be provided 
for by North Sea oil. Hence, although spills from UK bound traffic
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would appear to be more likely to occur nearer the coast, and 
thus be more damaging than those from foreign-bound traffic, the 
effects on the potential number of spills resulting from a 
change in UK oil import policy will be masked to some extent by 
the already high background level of Channel traffic. In other 
words, it is more difficult to assess sensitivity of the level of 
pollution damage in the Channel to the level of UK oil consumption 
than in other less polluted areas where the pollution can be 
ascribed purely to UK demand. At the same time, the larger the 
volume of pre-existing tanker and other traffic, the more likely 
added traffic due to UK oil import and production is to result in an 
accident.
However, the distribution of crude oil around UK refineries 
and tanker movements for transporting the refined oil and other 
products will not be significantly affected by North Sea production.
The greatest change in tanker movement will occur in the relatively 
unpolluted seas off the east coast of Scotland, the Shetlands and 
the Orkneys, for it is here that 12^  of North Sea oil will be shipped 
from the fields to terminals (the rest will be piped), and most of 
the oil will be transported from the terminals to UK refinery ports.
It is in these seas that the CUEP found that most of the 30% rise 
in the current number of spills of over 135 tonnes from tankers which 
it predicted will take place. It estimated that between zero and six 
spills of over 135 tonnes could occur in 1981 with the most probable 
number one or two. Of these, 30 to hO% will be less than 1000 tonnes 
but 20% could be greater than 10,000 tonnes (see Tables VIII.2--VIII.4).
2.2.2 Blowouts
Besides tanker accidents, the only other means by which 
similarly large quantities of oil may be released is from a well 
blowout when, due to the failure of precautionary equipment or human 
error, control devices are unable to contain the oil in the well and 
it escapes to the sea. However, since it would take several weeks 
at least for a blowout to release as much oil as a major tanker 
accident, the effects are less likely to be as catastrophic.
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TABLE VIII.2
ESTIMATED PROBABILITIES ASSOCIATED WITH THE NUMBER OF TANKER 
SPILLS OVER 135 TONNES IN THE UNITED KINGDOM ; 1981
Number of Spills Probability Cumulative probability
0 0.22 0.22
1 (t.30 0.52
2 0.24 0.76
3 0.14 0.89
4 0.06 0.96
5 0.03 0.99
6 or more 0.01 1.00
Source ; Central Unit on Environmental Pollution (Ref.302).
TABLE VIII. 3
ESTIMATED PROBABILITIES ASSOCIATED WITH THE NUMBER OF OIL SPILL
INCIDENTS FROM TANKERS ACTIVATING THE DEPARTMENT OF TRADERS
CLEAN UP ORGANISATION : 1981
Number of Spills Probability Cumulative probability
0 0.05 0.05
1 0.13 0.18
2 0.20 0. 38
3 0.20 0.58
4 0.17 0.75
5 0.11 0. 86
6 0.07 0.93
7 0.04 0.97
8 0.02 0.99
9 or more 0.01 1.00
Source : Central Unit on Environmental Pollution (Ref, 302).
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TABLE VIII.4
PERCENTAGE DISTRIBUTION OF LARGE TANKER SPILLS BY SECTOR ;
1974 AND 1981
Sector 1974 1981
East Co as t of Scotland 1% 14%
Noëthumberl and to Cleve land 1% 6%
North Yorkshire to Lineolnshire 3% 3%
Norfo Ik to East Sussex 35% 29%
West Sussex to North Cornwal1 46% 35%
North Devon to Dyfed 9% 6%
Gwynedd to Cumbria 4% 4%
West Coas t of Scotland and Northern Ireland 1% 3%
Source : Central Unit on Environmental Pollution (Ref. 302).
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Blowouts may occur during drilling of exploratory and 
appraisal wells wlien sudden'unexpected surges of pressure are 
encountered, or during production through interference from 
fishing vessels, collisions of ships with platforms, fires and 
platform failures or during the repair of a well, although the 
escape of any oil during production or repair would normally 
he prevented hy the automatic activation of suhsea failsafe 
devices.
Once a blowout has occurred, the amount of oil spilt varies 
widely from case to case. 60% of blowouts stop naturally, 
becoming plugged by the collapse of the oil-bearing strata (l06 ),
and many of the remainder are quickly brought under control. Less 
than a third result in spills of over 350 tonnes. In the worst
case it might prove necessary to deal with a blowout by drilling a
relief well. The actual potential size of such a blowout would 
depend on the rate at which oil is released, and the time it would 
take to drill the relief well, both of which are in dispute. While 
the Norwegians think that as much as 20,000 tonnes of oil a day is 
the maximum conceivable escape, and it could take 60-2b0 days to 
plug the well, the CUEP and the UK oil industry consider the more 
prolific wells unlikely to release more than 3000 tonnes a day, and 
that an intercepting well could be drilled in three months at the 
most (375 , 395 , 405 ). Moreover, "during this time the flow of oil 
might be reduced through loss of reservoir pressure due either to 
the high release rate or to a process known as bridging" (302 86.3). 
Thus, the maximum conceivable release according to UK estimates 
would be 300,000 tonnes over three months.
To prevent a blowout leading to a fire and thus proving more 
difficult to control, 11 multi-purpose fire-fighting and support 
vessels were stationed in the North Sea at the beginning of 1978: 
five in the UK sector and 6 in the Norwegian sector ( 408 ). Six more 
will come into operation in the next three to four years, including • 
three semi-submersible vessels each of which, apart from fire-fighting, 
can act also as a workshop, hotel, hospital and diving base ( 393 ).
The worldwide rate for blowouts is one in every b$5 wells drilled, 
but for the 600 wells (oil and gas) drilled in the North Sea between 
1966 and 1976, the rate is one in 150, possibly because of the harsher 
North Sea conditions and because of the high proportion of wells 
there which strike oil or gas. The ratio of strikes to wells drilled
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in the North Sea is 1 to 5 compared with a world ratio of 1 to 
20 (307 ). The present rate of drilling wells is l4o a year. 
Therefore an average of one blowout a year Coil or gas) would 
roughly be expected, though the chances of it being as big as 
the worst conceivable case are extremely remote. Using the 
worldwide spill rate, the CUEP calculated that by the end of 1980 
there will be a 20% chance of no blowouts, a 32% chance of one,
% of two and lk% of three (302 S 7*31).
2.2.3 Platform-Spills
Apart from blowouts, smaller, but nevertheless sizeable, 
platform spills can occur as a result of failure of part of the 
system of control and pumping equipment, pipes and valves through 
which the oil is passed at high pressure, structural failure of a 
rig or platform, or damage to a subsea well head or manifold.
Each of these occurrences is most unlikely in itself, but if it 
did occur the automatic activation of subsea failsafe valves should 
stop the flow of oil. Nevertheless, using the MIT spill rate of 
one platform spill for every 57 million tonnes of oil produced the 
CUEP predicted there would be three such spills in 1981, none of 
which is likely to be greater than 5000 tonnes, and probably far 
less (see Table VIII.5).
2.2.4 Pipeline:.-Spills
Roughly 85% of North Sea oil will eventually be transported 
from the fields to the oil terminals by pipeline. In 1977 there 
were 768 km of major pipelines, that is pipelines with a diameter 
of 76 cm or more,completed in UK waters including the 354 km 
Ekofisk-Teeside line for Norwegian oil, and a further 357 km under 
construction, not to mention all the smaller tie-in lines ( 307).
Pipelines are by far the most efficient form of oil transport­
ation. Estimates of the amount of oil lost in transit from tankers 
vary from O.OO6 (39 ) to 0.1% ( 38 ) of that carried, but those for 
pipelines are at least an order of magnitude smaller at 0.002% (89 ), 
However, the pipeline estimates relate to land pipelines which do 
not have to suffer the conditions encountered in an underwater 
environment. Though underwater pipelines are buried wherever possible, 
and where not they are covered with concrete, there have been reports 
of their becoming unburied and floating above the sea bed, and the 
concrete peeling off ( 406). They may also be interfered with by 
trawl boards and anchors. Against this, however,, the technology
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involved in North Sea pipelines is more sophisticated than in 
earlier generations of pipelines ; and pumping is stopped 
automatically if any sizeable spill (more than 1% of throughput) 
occurs. On top of thisy hydrostatic pressure would help check 
any spill. Thus the CUEP could not envisage more than a few 
hundred tonnes of oil being lost in the event of a pipeline 
fracture, and though it predicted that by I98I the probability of 
a large spill (one over i35 tonnes) occurring was 30% and there 
was a 15% chance that it would be over 10,000 tonnes, this was only 
on the simultaneous occurrence of several most unlikely circumstances. 
The CUEP considered this to be the most unrealistically high of all 
its estimates (302S 7.7) *
As with blowouts the effects on the UK of a large pipeline 
spill, if it did happen, would be confined to the East coast of 
Scotland, the Shetlands and the Orkneys (see Table VIII.6).
2 .3  Small Spills and Routine Pollution in Ports and Terminals
2.3.1 Introduction
Apart from the potential for low-probability, high consequence 
accidents resulting in acute oil pollution, there are many stages in 
the oil fuel cycle where smaller accidents can lead to lesser spills, 
or oil is discharged intentionally as part of operational procedures. 
Many spills which local authorities are called out to deal with are 
of this type.
Indeed, overall by far the greatest amount of oil from sources 
at sea is released to the sea in this manner, especially from routine 
tanker pollution. The worst effects of such pollution are probably 
encountered in enclosed harbours and terminals where the combination 
of many small accidents and routine discharges can build up chronic 
levels of oil pollution which is not dispersed as it would be in the 
high seas, and can be especially damaging in shallow waters.
At present, all together 45 ports in the UK deal in oil in 
amounts ranging from 0.1 to 54 million tonnes of oil each year. And 
in 1981 four new terminals - at Sullom Voe in the Shetlands, Flotta 
in the Orkneys, Cruden Bay in Scotland, and Teesside - will be 
handling 85% of North Sea oil. However, it is only in very busy ports, 
where oil is discharged routinely as well as accidentally, that chronic 
levels of pollution are likely to build up.
179
TABLE VIII.5
ESTIMATED PROBABILITIES ASSOCIATED WITH THE NUMBER OF PLATFORM 
SPILLS OVER 135 TONNES OCCURRING IN THE NORTH SEA : 1981
Number of Spills Probability Cumulative probability
0 0.07 0.07 !
1 0.17 0.24
2 0.22 0.45
3 0.20 0.65
4 0.15 0 . 80
5 0.09 0.90
6 0.05 0.95
7 0.03 0.98
8 0.01 0.99
9 or more 0.01 1.00
Source : Central Unit on Environmental Pollution (Ref. 302).
TABLE VIII.6 ■
ESTIMATED PROBABILITIES ASSOCIATED WITH THE NUMBER OF PIPELINE
SPILLS OVER 135 TONNES OCCURRING (a) OFF THE EAST COAST OF
SCOTLAND AND (b) OFF THE COAST BETWEEN NORTHUMBERLAND AND CLEVE-
LAND
Number of Spills Probability Cumulative Probability
(a) (b) (a) (b)
Ô 0.35 0.67 0 . 35 0.67
1 0.34 0.26 0.69 0.93
2 0.19 0.06 0. 88 0.99
3 0.08 0.01^ 0.96 1 .00^
4 0.03 - 0.99 -
5 or more 0.01 - 1, 00 -
c. Probability for 3 or more spills
Source ; Central Unit on Environmental Pollution (Ref. 302).
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2.3.2 Boutine Pollùt ion■
Routine discharges are made hy refineries, all of which are 
situated in seven estuaries, and at tanker terminals.
The four new tanker terminals will all receive oil hy 
pipeline and pump it into tankers for distribution elsewhere 
for refining. They will thus need to remove production water from 
the crude oil and dispose of ballast water in tankers arriving to 
collect the oil. The CUEP calculated that some 1250 tonnes of oil 
a year will be discharged from the four new terminals from the 
processing of ballast water and a further 325 tonnes a year from 
production water, if the effluents are treated so that they contain 
25 ppm of oil (302 85.21).
Refineries also have facilities to separate out water from 
the oil they receive, after which it is treated and then discharged.
But apart from this, oil-in-water mixtures are produced from the 
process steam used to vapourise the lighter oil fractions, 
contaminated cooling water and storm water falling in the refinery 
area. The amount of oil in a refinery effluent depends on the type 
of refinery and treatment equipment installed. Refineries built 
before I96O use once-through cooling and treat the effluent by gravity 
separation only. This means there are large volumes of contaminated 
water (the ratio of effluent discharged to oil processed can be 30:1 
in old refineries) and the concentration of oil in the effluent is 
20-50 ppm total oil content, or 10-15 ppm of persistent oil. These 
older refineries can loose up to 0.01% of their throughput in this 
way. Most refineries built since I96O use air coolers and hence 
there is a reduction in both the volume of effluent discharged and its 
oil content. Generally less than 0.001% of throughput is lost ( 319).
2.3.3 Accidental Pollution
Tanker accidents occur just as often in ports as they do in the 
open sea, though such spills tend to be much smaller than those that 
occur at sea. Indeed, the vast majority of spills of under 135 tonnes 
occur in ports and harbours. Apart from this, many small spills occur 
during the loading, unloading and fuelling of tankers. Most are less 
than one tonne, but a few large spills bring the average up to I8 tonnes. 
These are the result of human error or equipment failure, such as 
pipe leaks and ruptures. In Milford Haven, which has an exemplary 
record in limiting such spills, there is less than one incident per 
million tonnes or oil handled, and under 0.0005% of throughput is lost 
(302 SS5.i3-5.20).
l8l
Using the US-derived rate of 3.2 incidents per million 
tonnes of oil handled, the CUEP calculated that in I98I there 
would he 60-65% more spills than at present, with only 10-15% 
of the spills below 135 tonnes exceeding one tonne. To get the 
present spill rate for the whole UK in the handling of oil, the 
records of each port would have to be analysed (see Table VIII.7)
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TABLE VIII. 7
ESTIMATED AVERAGE NUMBER OF TANKER.
SPILLS UNDER 135 TONNES OCCURRING IN THE UNITED KINGDOM;198l
a.All spills of less than 135 tonnes 
Sector
East Coast of Scotland 
Northumberland to Cleveland 
North Yorkshire to Lincolnshire 
Norfolk to East Sussex 
West Sussex to North Cornwall 
North Devon to Dyfed 
Gwynedd to Cumbria
Estimated average 
number of spills
360
156
78
201
162
218
91
West Coast of Scotland and Northern Ireland 32
b.Spills greater than 1 tonne 
Sector
East Coast of Scotland 
Northumberland to Cleveland 
North Yorkshire to Lincolnshire 
Norfolk to East Sussex 
West Sussex to North Cornwall 
North Devon to Dyfed 
Gwynedd to Cumbria 
West Coast of Scotland and Northern
Ireland 4
Estimated 
average 
numb er
45
19 
10 
25
20 
27 
11
90%confidenc e 
limits
3 2 -6 0
12-18
5 -1 6  
1 6 -3 5  
1 2 -2 9  
18-38
6 -1 8
1-8
Source ; Central Unit on Environmental Pollution (Ref. 302).
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,2q4 Routine Tànkér Pollution
By far the greatest sea-based source of oil at sea is the routine 
discharge of oil during normal tanker operations. At present this 
accounts for the greatest part by far of oil discharged annually 
into the sea from ships , including that from accidents (see Table VIII.l). 
Tankers need to carry sea water ballast during unladen journeys to give 
them stability and to keep their propellers under water. As a rule 
this water is carried in the empty oil cargo tanks and has to be pumped 
out before the tanker is reloaded. Instead of simply pumping several 
hundred tons of crude oil mixed with water from the ballast tanks into 
mid-ocean, most tankers - about 80% - allow the oil residue to settle on 
top of the water and return it to the oil cargo using the so-called 
"load-on-top" (LOT) method. However, the minority of tankers that do not 
apply the LOT technique account for the major proportion of routine oil 
pollution - estimates of the ratio of the volume of non-LOT to LOT 
discharges vary from 2:1 to 5:1 (see Table VIII.l).
In addition to the LOT system used by most tankers, all crude oil 
carriers over 150,000 tons in the big oil company fleets use "crude 
oil washing" (COW), in which the dirty tanks are cleaned out with 
high-pressure oil sprays in an inert gas atmosphere before going into 
the LOT procedure. Another method of reducing routine oil pollution, and 
one which is required for all vessels over 70,000 tons by the as yet 
unratified 1973 IMCO convention, is to have separate ballast tanks. The 
oil would never come into contact with the water, and hence human 
error or bad operating procedures would be eliminated as possible causes 
of routine oil pollution. In addition, segregated ballast tanks 
(SBT* s) could be positioned so as to cushion the impact of possible 
collisions, thus also reducing the probability of an accident leading 
to a large spill.
However, this latter method is likely to be only marginally more 
effective in reducing pollution than an efficient system of LOT and COW, 
and far more expensive. Since there is at present an excess supply of 
tankers and hence few new tankers are being built, conversions would 
have to be made to existing tankers. Figures of between $0,3 million and 
$3 million per vessel have been quoted 2^04 )• Moreover SBT’s would reduce 
the carrying capacity of tankers by around 15%. One estimate is that 
$91,500 more per^tonne reduction in oil pollution would have to he 
invested in the SBT system than for the comprehensive operation of LOT 
with COW also being used in all tankers of over 150,000 tons(204 ).
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This could raise the price of oil to consumers hy up to 2%. Largely 
for this reason, the use of SBT’s was opposed by the UK when discussed 
at an IMCO meeting in February 1978, and the issue was left unresolved 
( &M).
Though routine spills are nothing like as damaging as large 
spills, local authorities, particularly those responsible for the 
south-eastern, southern and south-western coasts from Norfolk to North 
Cornwall (.302 App F ), can be called out to deal with such operational 
discharges. However, so much of the world’s tanker fleet passes the 
UK that the amount of oil pollution from this source that the UK 
suffers is probably very insensitive to UK energy consumption.
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2.5 Effects of Oil at Sea
Oil is most damaging when spilt in shallow coastal waters 
and estuaries. It may he directly discharged into these waters 
from refineries and terminals, constant low-level pollution from 
which may build up to chronic levels. Alternatively it may reach 
the coast from spills which have occurred in the high seas, though 
only nearby spills will cause significant ecological damage since 
oil from more distant ones will be sufficiently weathered by the 
time it reaches the shore not to be damaging to the marine ecology.
The main threat from such weathered oil is upon amenity, and, unless 
the interests of tourism and the local economy dictate otherwise,
the oil is best left alone when it has reached the shore, for
removal, by mechanical means can do far more damage than the oil 
itself.
Chronic coastal pollution is responsible for the vast majority
of bird casualties from oil pollution. Spills in estuaries where many
species gather can be especially damaging. The birds can be killed 
either by coating with oil, which leads to their losing their 
insulation, waterproofing and buoyancy and becoming chilled,or by 
poisoning by the toxic components of the oil (352 ). Hundreds of 
thousands of birds have died from this cause*RFO can have particularly 
bad effects. One small spill in Shetland in 1971 killed an estimated
12,000 birds, including 5000 guillemots (340 ). Though most studies
on the subject haveconcluded that the overall effect on abundance 
and species diversity is slight ( 151 ), certain rare species with 
pelagic breeding habits, like the auks and penguins, may sustain a 
high level of mortality from chronic pollution, and find it difficult 
to make good these inroads into their population, thus risking 
extinction ( 354 Appendix 3).
Estuaries and shallow coastal waters may support fish nurseries 
and shell fisheries. High concentrations of oil confined within 
estuaries may kill fish directly. Lower chronic concentrations can 
taint fish and shellfish, making them inedible, though there is little 
danger to human health since man is very sensitive to the taste of 
oil far below toxic concentrations (233 ),
As with birds and fishy it appears that other components of the
marine ecology - shore plants and animals for example - are less 
harmed by large spills than by chronic low level pollution (122 ).
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If the affected species occupies a key ecological position 
a jnajor change may occur in the nature of the community, hut the 
conditions necessary for this to come ahout are rare and extremely 
localised.
Oil pollution in the open sea presents little danger to fish. 
None of the major species - haddock, cod, plaice and mackerel - 
swim near the surface. However, there may he a danger from a large 
spill to their eggs and larvae, which do float near the surface. 
Moreover, little is known ahout how species lower down the food 
chain - planktonic plants and animals and hottom-'living organisms - 
are affected, and it is conceivable that fish eating organisms 
which have been exposed to oil could become tainted (178).
As far as birds are concerned, only those which frequent the 
open sea water spaces : and diving birds are threatened by large 
spills out at sea. The largest well-attested kills from acute 
pollution around the British Isles include 10,000 birds known to 
have died during the Torrey Canyon incident and more than 13,000 in 
a series of incidents along the North-East coast of Britian ( 399 ).
Generally, little is known about the effects of large oil 
spills, and this is likely to remain so until more baseline data 
has been collected. That work which has been done has concentrated 
on crude oil. The particular effects of RFC are even less well 
understood. Ultimately whatever the nature and amount of oil spilt 
the effects are largely determined by chance factors such as the 
weather and the time of year and locating at which the spill occurs. 
Hitherto, there has been little evidence to support the claims by 
environmentalists, fishermen and journalists of widespread ecological 
catastrophe whenever there is a large spill.
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2.6 . Thé 'ItééLtmnt 'of OU Spills
Not only are the effects of oil spills in dispute, but so is the 
best approach to cleaning an oil spill once it has occurred. The 
dispersants used to clean up the oil from the Torrey Canyon did more 
damage than the oil itself. The Warren Spring Laboratory, which has 
the main responsibility for developing measures to combat oil pollution, 
maintains that the third-generation dispersants now available are far 
less toxic than their predecessors (302 App J ), The Norwegians and French, 
however,still hold that dispersants are too dangerous, and prefer to use 
mechanical methods to remove the oil ( 377). Moreover, for the case of 
RFC, which is particularly difficult to clear, there seems little chance 
of designing a dispersant that would work( 381^ * But mechanical methods are 
of greatly restricted efficiency in waters as rough as those of the North
Sea, as demonstrated by their limited success with oil spilt by the
Ekofisk blowout. A third approach is to collect the oil with some 
absorbent material. But there is then the problem of collecting this 
oil-impregnated material (324).
2.7 Costs of Oil Pollution Damage
In a comprehensive study in 1973 of the "Environmental and Financial 
Consequences of Oil Pollution from Ships" the Programmes Analysis Unit 
(PAU) found that the costs of oil pollution to the world were very low.
The only economic costs they found were those of cleaning up spills and
chronic pollution, then about £0,3 million a year, and these were
internalised to the oil industry anyway "since it is common practice 
for those living in affected areas to seek restitution from the source
of pollution"^  354)^  Though the PAU did find some adverse biological effects 
it concluded that these were "too localised and insignificant to be 
detectable in economic terms in their effect upon the output of 
fisheries, shell fisheries or fur production activities and so cannot 
give rise to measurable economic consequences. The death of birds or the 
temporary reduction of bird populations resulting from oil pollution could 
have secondary economic consequences which it would be difficult to 
measure, but it is doubtful (and arguments can be advanced to support 
this view) if the death of large numbers of birds can be considered to 
have any economic impact on the productivity of the ecosphere"(354 ^ g ).
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Neither did the PAU find any discernible economic effects on the 
tourist industry. If anything the funds allocated to clean beaches 
would lead to a positive multiplier effect. Even the costs of the 
welfare effects on tourists, residents, bird enthusiasts, sports 
fishermen and future generations were estimated to be only £0.75 
million for the UK.
How then does one reconcile such low cost estimates with the 
0120 million sought as recompense by US fishermen when the tanker 
Argo Merchant capsized ( 178), or the 035 million limit to the 
compensation payable by oil companies in the event of a major 
incident in the North Sea (■ 307). The former claim was no doubt 
_inflated by the system in the US where lawyers get paid according 
to their results. But its huge size, and also the high limits to 
liability under the various agreements mentioned in Chapter IV, 
also reflect the vast range of estimates for potential oil pollution 
damage that exists. For example, in discussing what the limit to 
liability for oil pollution damage should be, the nine North Sea 
countries gave estimates which varied from 030 million to 0275 million 
per incident ( 384). On the other hand the oil industries’ Exploration 
and Production Forum estimated that every barrel of oil which reached 
the _coast from a blowout would cost 0l8O in damage to fish^ lost 
fishing days, disrupted tourism and clean-up operations (which means 
that every tonne of oil reaching the coast does 0131^  of damage) and 
that for 90% of blowouts the total costs would be 0i to 0l6 million 
with an average of 06 million (400 ) ^ This wide range of estimates 
reflects not only the scientific uncertainty about the effects of oil 
pollution, but the differing interests of the various bodies and 
governments which make the estimates. The less that is known about 
the effects of oil pollution, the greater the influence of political 
considerations on the damage estimates. Thus, the Norwegians, to whose 
economy North Sea oil is not as vital as it is to the UK’s, tend to 
provide higher estimates of the potential damage from oil pollution, 
particularly from major incidents, as seen with blowouts, than the 
British, and impose more stringent regulations and environmental 
standards on their oil industry and those operating in their waters.
For example the use of dispersants is forbidden and Norway has proposed 
that there be separate accommodation facilities at sea (398 ). And it 
is to be expected that fishermen would over-, rather than under-estimate 
damage to their stocks. Finally, all the more recent estimates of the
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costs of oil pollution damage must be set against the general rise 
of environmental concern in recent years, which further explains 
the discrepancy between them and the PAU estimates. Perhaps, 
however, it is also significant that recent years have seen a spate 
of tanker accidents, spills from which have provided more experience 
in the effects of oil pollution and drawn attention to the problem.
3. Air Pollution
The main air pollution in the oil fuel cycle occurs at the 
refinery stage. In 1978, 10 out of the l8 refineries in England and 
Wales practiced sulphur recovery from the strong hydrogen sulphide 
gas streams. The average daily rate of sulphur recovered was 239 
tonnes (equivalent to i+78 tonnes of sulphur dioxide) while 778 tonnes 
of sulphur dioxide, 6% of all UK sulphur dioxide emissions, was released 
to the air on average each day (,295 8121) from combustion 
processes in all refineries. As with power station emissions, which 
will be dealt with in detail in the next section, the gas is dispersed 
from tall stacks and the policy vindicated by the low ground level 
concentrations achieved. By the same token oxides of nitrogen 
emissions issuing also from the stack constitute no problem. A 
portion of the lighter hydrocarbons escape from the crude oil and the 
refinery products. But though a recent study has implicated refineries 
as possible causes of cancer among those living nearby, the results 
leave considerable scope for interpretation and are far from conclusive 
(129 ). The most serious known effect would thus appear to be the 
smell suffered by those living near refineries.
Routine air pollution at sea by the oil industry is caused by 
the flaring of gas, but this is negligible since gas is a clean fuel 
and these emissions are widely dispersed. Even a large and concentrated 
amount of pollution from a fire caused by a blowout is unlikely to do 
any damage since it is so far from the shore. However, should a fire 
on such a scale occur on or near the shore, from a tanker or storage 
tank explosion, the resulting air pollution could do damage to public 
health. When the Urquiola went aground and exploded in the entrance 
to the port of La Corunna in Spain, people suffering from respiratory 
ailments were advised by local authorities to leave the town, and the 
airport was shut down because of the density of smoke (389 ),
190
U Land Impact
The port facilities, oil terminals, refineries and storage 
necessary whether crude oil is imported or obtained from the North 
Sea are most economically sited on the coast, often in areas of high 
amenity value. The impact can be lessened by confining shore-based 
installations to one place, as is being done at Sullom Voe. Indeed, 
this tends to happen anyway, for industrial developments follow one 
another to locations where industry has already got a foothold. Thus 
the original Esso refinery at Milford Haven in Pembrokeshire was 
followed by three others and a large oil tanker terminal, and all 
refineries are sited in one of seven estuarine sites. Otherwise 
the only defense against threats to the beauty of the coast is 
through landscaping and planning, which can only do a little to 
compensate for the physical presence of the oil installations. With 
rig construction yards for example, sites with deep and sheltered 
water are needed and there are only a few such sites on the West 
coast of Scotland.
Overall the impact on the land of the oil industry up to and 
including the refinery stage is insignificant compared with that of 
the coal industry. Among its prominent features are U terminals 
for North Sea oil (not all completed yet), all in Scotland apart from 
the terminal at Teesside and the construction yard at Graythorp, 21 
refineries, and 8 overland crude oil pipelines extending for 679 km 
(105 ) and numerous terminals for storage and distribution of the 
oil and its products.
5 Interference with, and from, the Fishing Industry
The interaction between the oil industry and the fishing 
industry provides good examples of reciprocal externalities. On the 
one hand, not only does the oil industry provide a potential, though 
disputed, threat to the fish themselves, but its uncharted debris 
and the oil it discharges can interfere with the operations of the 
fishing boats, which, along with other vessels, are prohibited from 
entering within 5Ô0 metres of fixed platforms. On the other, pipelines 
can be damaged by ships trawl equipment and anchors. (394, 401).
191
6 Refinery Explosions
Refineries are among the 100 to 300 industrial installations 
considered by the Health and Safety Executive to be capable of posing 
a threat to those outside the plant if an accident occurs within 
the plant ( 383). One reason why the potential consequences are great 
is because refineries tend to be sited in industrial areas near 
other hazardous installations and centres of population. Theoretical 
calculations show that casualties could be 1000 or more if a large 
amount of stored gas escapes and explodes or a refinery fire ignites 
a gas leak from a nearby chemical plant, though major fires which 
have occurred (about one in every ten years) involve fatalities in 
tens (310 ), and refineries of the future will be smaller and safer 
than those of today. It has also been postulated that radio waves 
could induce fires and explosions in petrochemical plants, though 
much research remains to be done on this ( 209 ).
A recent survey, the first of its kind in the UK, reveals that 
the risks to people living near to the large industrial conglom­
eration on Canvey Island which accommodates one-fifth of the country’s 
oil refining capacity, is almost three times the national average, 
and also develops and applies a method of risk assessment which may 
soon have to be performed by developers of all potentially hazardous 
installations ( 311 ).
T Conclusion
The environmental impact of the oil industry is dominated by 
the possibility of rare, serious occurrences,both the likelihood 
and consequences of which are very uncertain. For this reason it is
not possible to relate the potential damage to UK oil consumption 
and hence obtain a normalised estimate of it. One major spill could
radically alter oil spill statistics. On the other hand a few 
hundred tonnes of oil can be very damaging if released into the 
shallow waters of an ecologically sensititve area and not dispersed 
by the sea, while thousands of tonnes released in rough seas and far 
from shore can have a negligible effect,
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Apart from the remote possibility of a catastrophic incident at 
a refinery or storage complex, the oil industry provides little 
threat to public health. The greatest threat by far is to the 
natural environment from oil pollution at sea, particularly from 
a large spill from a tanker or blowout, although the greatest 
amount of oil by volume comes from diffuse routine pollution. Although 
the costs of oil pollution at sea have so far proved to be mainly non­
economic and small, an industry as new as that of the North Sea 
provides little experience and few precedents from which to gauge the 
potential and effects of oil pollution. It is conceivable that an 
incident with unprecedentedly catastrophic effects could occur.
Moreover, in contrast to other forms of pollution where the technical 
means for controlling the pollution usually exists but is not implemented 
for economic or legal reasons, the main problems in the control of oil 
pollution are technical.
However, even assuming the worst, as seen in Chapter IV, 
considerable effort has been devoted in the U.K. to minimising its 
likelihood and, should it occur, dealing with it and providing for those 
affected. Precautions are built into tankers and oil rigs and their 
operation monitored, and the law provides high limits of liability 
to accommodate the large uncertainties over the effects of a major spill. 
Indeed, it is the view of the U.K. government that it has done as 
much as it can to prevent and cope with oil pollution and it would be 
wasteful to devote more resources to as unlikely an event as a major 
oil spill, the possibility of which, because of the part played by 
human error, can never be eliminated (See Chapter IV. S.6.1.U.S.)
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Chapter IX ;
Sulphur Dioxide Emissions from the Generation of Electricity 
1 Introduction
The electricity supply industry is a major consumer of both the 
output of the NCB and of fuel oil from UK refineries. In March 1977 
there were 83 coal, 3 coal and gas, 3 coal and oil and 1 coal, oil 
and gas fired power stations which between them consumed 70.6 million 
tonnes of coal compared with a total of 118.9 million tonnes produced 
by the NCB in the year ending March 1977. There were, at the same time, 
17 oil and 3 oil and diesel fired stations which, along with the other 
dual fired stations, consumed 9.1 million tonnes of fuel oil out of 
the total inland consumption of 27.8 million tonnes (308,336).
Sulphur dioxide (SO^ ) is usually considered the main pollutant 
from fossil fuel coal and oil combustion, and is the most extensively 
studied. It will here be examined in detail, not only because more is 
known about it than any other pollutant, but also because it illustrates 
general considerations applicable to all pollution and its behaviour 
is in many respects mirrored by other air pollutants. For example, 
before the effects of power stations 80^  emissions can be ascertained, 
these emissions must be seen relative to those from other sources and 
the general properties and behaviour of the gas must be examined.
.2 Sources of Sulphur Dioxide
2.1 Global Sources and Emissions
2.1.1 Primary S0_
80g is the only major gaseous pollutant in volumetric terms for 
which the contribution from man's activity may approach,or even exceed, 
that from nature. Estimates of worldwide anthropogenic SOg emissions 
vary from 93 ( 93 ) to lU6 ( 79 ) million tonnes per year (mt/yr), over 
90% of which is emitted in the northern hemisphere and nearly all of 
which comes from fossil fuel combustion ( 194 ).
2.1.2 Secondary SQ^
Though anthropogenic emissions account for most primary SO^ , 
these are supplemented by secondary SO^  formed from the reactions of 
hydrogen sulphide H^ S which is predominantly natural in origin, and may 
be oxidised to S0_ in the atmosphere. (245).
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There are no well confirmed data on ambient H^ S concentrations 
and the exact amount of H^S emitted to the atmosphere is uncertain 
but possibly great. Those estimates that have been made are only 
the results of balancing suggested sulphur budgets. They range 
from 58 ( 171) to 112 ( 164) mt/y, which, if all the HgS were 
oxidised to SO^ , would lead respectively to as much again and twice
as much SO^  as is emitted anthropogenically. However, measurements. . 32 ,34of the isotopic ratios of S/ S which give some indication
of the source of the sulphur in the SOg (eg whether from biogenic
HgS, volcanic HgS, volcanic SOg, etc) suggest that biogenic HgS is
not an important source of atmospheric sulphur ( 194 ),
2.1 .3  Total Sulphur Budget
If viewed within the context of the total global sulphur budget, 
which as well as sulphur dioxide includes sulphuric acid and sulphate 
aerosols, rather than purely that of SOg, the contribution from 
anthropogenic sources is further diminished relative to that from 
natural sources. It is not known exactly how much of the SOg emitted 
by man's activities is ultimately converted to sulphates, but wind 
blown sea salts are .estimated to contribute about 4o mt/y of sulphur 
in the form of sulphates to the sulphur cycle (79 ). The sea is also 
a significant source of sulphides, but apart from HgS, these, unlike 
sulphates which may be formed by the chemical conversion of SOg, do 
not figure in the various formation and sink mechanisms of SOg.
2.2 UK Emissions of SOg
Although the uncertainty surrounding the exact amount of HgS 
emitted,and hence the quantity of SOg formed from this, is a major 
impediment to quantification in the sulphur cycle on a global scale, 
HgS is not a significant source of SOg in the UK ( 301 ), where the 
main source of SOg can thus be confidently ascribed to anthropogenic 
emissions. This is confirmed by measurements of SOg concentrations 
under varying meteorological conditions which can pinpoint particular 
urban and industrial areas as being source of SOg when the wind is 
blowing from their direction. According to the Health and Safety 
Executive in the UK, natural sources are not likely to account for 
more than one-tenth of the total emissions of sulphur because of the 
high level of industrial activity ( 310, 9 6 6).
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TABLE I X . 2
Estimates of Sulphur Dioxide Emission from Fuel Combustion in the United Kingdom, 
in 1975 and 1976 (million tonnes unless.otherwise specified)
1975 1976p
Class o f Consumer J'uel Type fuelconsiimpiion emission fuelconsumption SO^emissioi
High level
Power stations coal 74.6 2.15 77.8 2.10gas oil 0.4 0.00 0.4 0.00fuel oil 12.9 0.80 ■ 11.6 0.67
total 2.96 2.78
Refineries fuel oil/gas 6.0 0.26 6.3 0.29
Total high level 3.22 3.06
Medium level
Other industry coal 14.9 0.27 13.5 0.25solid smokeless fuel . 2.7 0.05 2.7 0.05gas oil 5.0 0.07 5.0 0.07fuel oil. 15.4 0.90 13.8 0.81coke oven gas 987* 0.13 1000* 0.13
Total medium level 1.42 1.30
Low level -
Domestic coal > 10.1 0.20 9,5 0.19solid smokeless fuel 5.2 0.08 4.6 0.07gas oil 0.8 0.01 0.8 0.01fuel oil 0.1 0.00 0.1 0.00
total 0.30 0.28
Agriculture gas/dicscl oil l.l 0.02 l.l 0.02fuel oil 0.3 0.02 0.3 0.02
total 0.03 0.03
Commercial/public services coal 1.8 0.04 ■ 2.0 0.04solid smokeless fuel 0;8 0.01 0.8 0.02gas oil 3.8 0.05 3.8 0.05fuel oil 2.2 0.13 1.9 0.11
total 0.23 0.23
Rail transport gas oil 0.9 0.01 0.9 0.01fuel oil 0.0 0.00 0.0 0.00
total 0.02 0.02
Road transport motor spirit 16.1 0.01 16.9 0.01diesel fuel ■ 5,4 0.04 5.6 0.04
total 0.05 0.05
Total low level 0.64. 0.61
Grand toialf 5. is 4.98
total coal (including coke oven gas) 2.79 2.72total solid smokeless fuel 0.15 0.14total petroleum 2.34 2.12
Grand total! 5.28 4.98
p provisional -
million therms
t  includes .small comribulions from combiislion of burning oil (kcrosinc) and other fuels which produce less than 0.01 million tonnes of SOa per individual class of consumer.
Source; M-L P.M.-Weatherley, Warren Spring Laboratory, 1976 Clean Air Winter 1977.
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Estimates made by M-L P M Weatherly, of the Warren Spring 
Laboratory^  of the emission by different combustion sources of 
SOg for 1975 and 1976 are reproduced in Table IX. 2* These are 
derived from statistics given in the Digest of UK Energy Statistics 
on the fuel consumption of the different sectors and information 
on the sulphur contents of the various fuels given by the NCB, 
Institute of Petroleum and the CEGB. Certain assumptions about 
the amount of sulphur converted into SOg and the amount retained 
in the ash are made, but it is the sulphur content that is the main 
determinant of how much SOg is emitted per ton of coal or gallon 
of oil burnt. Typical sulphur contents of a variety of fuels and 
the average sulphur content of fuels used for different purposes 
are given below:
TABLE IX. 3
Typical Ranges of S Content of Fuel
Bituminous coals 1.5 - 2.5%
Cokes 1.5 - 2.5%
Gasolene 0,1%
Kerosene 0.1%
Diesel fuel (distillate) 0.3 - 0.9%
Fuel oils 0.5 - k%
North Sea Gas Nil (unless added)
Source: Combustion-Generated Pollution - SRC 1976
TABLE .IX. 4 
Average S Contents of Fuels
Coal
Domestic 1.25% from 1972-1976 20% S retained in ash
Power Stations 1.5% in 1974 and 1976 10% " " " "
Other users 1.35% from 1972-4 10% " " " "
Petroleum fuels
Motor spirit 0.04% from 1974-1976
Diesel fuel 0.35% " " "
Gas Oil 0.69% " " "
Fuel Oil -
Power Stations 2.95% in 1974 (as varied from 2.2 - 3.9% between
1958 and 1970)
Other Users 2.8%
g/->Tfv»r>o » Pd~P
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Coal fired electricity generation is by.far the largest 
source of SOg, accounting for over hO% of the total emissions.
Next comes oil fired electricity generation, SOg emissions from 
which have risen over the years with the increase in the use of 
oil. However, depending on the sulphur content, oil may emit more 
SOg for each megawatt-hour (MWh) of electricity it produces. This 
was in fact the case in 1973 when oil emitted 0,0156 tonnes 80g/MWh 
while coal emitted 0,0135 tonnes SOg/MWh produced. Since the 
efficiencies of conversion of the chemical energy stored in the 
fuel into electricity are the same for coal and oil in the cycles 
used, again the determination of which fuel produces more SOg per 
KWh of electricity generated is almost entirely dependent upon 
their relative sulphur contents. This is illustrated by the results 
of American studies on the amounts of SOg emitted in the generation 
of one unit of electricity by coal and oil combustion. These are 
based on a lower oil sulphur content (1-1 .5%) and a higher coal 
sulphur content (2-2.6%) than generally found in the fuel used for 
electricity generation in the UK,and consequently find that oil­
generated electricity emits far less (25-50%) SOg than coal-generated 
electricity per unit of electricity produced (68,94,362). Duprey"
( 22 ) derived figures of 0.017s tonnes of SOg emitted per tonne of coal 
burnt and 0.016s tonnes of SOg per tonne of oil’, where s is the 
percentage by weight of sulphur in the fuel. Use of the fuel-to- 
electricity conversion factors given in the Digest of UK Energy 
Statistics and the sulphur contents of coal and oil in 1973 show 
the above estimates of tonnes SOg emitted per MWh of electricity 
produced to be consistent with these emission factors.
After electricity generation, industry is the next greatest 
source of SOg emissions, with fuel oil contributing more than coal.
These emissions are made at medium level as opposed to the higher 
level at which power stations emit their SOg. Domestic emissions, by 
far the largest source of SOg in the days of the ubiquitous open coal 
fire, today account for very little. However, as these emissions are 
made at a low level, close to the ground, it is they that are still to 
blame for most of the damage caused by SOg.
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3 The Formation, Transformations and Removal Mechanisms of 80^
3.1 Formation and in-plume Reactions
On combustion of a fossil fuel SOg is formed by the reaction;
S + Og = SOg
to give a maximum concentration in the flue gas of around 2000 ppm ( 355 ),
In a hot plume such as is emitted from a power plant, part of 
the SOg reacts with additional oxygen to form SCyiZSOg + Og = 280^ .
The extent of this reaction depends on the amount of excess air, the 
presence of metallic catalysts such as manganese or iron in the flue 
dust, and the temperatures prevailing in the combustion and subsequent 
zones ( 355). However, since 80^  is unstable at high temperatures and 
at low temperatures its formation by the above reaction is very slow, 
its concentration seldom exceeds 1-2% of that of the SOg (94)
Once formed, the 80^  is rapidly hydrolysed by water vapour, which is 
also present in the plume^to sulphuric acid. This gives SOg plumes 
their characteristic whitish or bluish colours ( 8 8 ).
3.2 Sinks for SOg
3.2.1 Chemical Conversion
Turbulent diffusion of the contaminants from the hot plume 
lowers the SOg concentration to a few parts per million within a few 
hundred feet of the source. In the lower temperature of the general 
atmosphere all the known gas-phase reactions of SOg with 0^  and Og 
are too slow to be significant removal mechanisms for SOg (137,153,273) 
unless reactive intermediates such as olefinic hydrocarbons and nitric 
oxide are present, which is only likely in photochemical smogs (148,149,161) 
However, a considerable proportion of the SOg in the lower atmosphere 
may be converted into sulphates through the liquid-phase reactions 
which occur once the SOg has dissolved in fog or cloud droplets to form 
H2SO3. The HgBOg is then rapidly oxidised to HgSO  ^by dissolved oxygen. 
Metal salts dissolved in the droplets may act both as catalysts and the 
initial condensation nuclei upon which the droplets originally formed.
The net process is summarised by:
280 + 2H 0 + 0 Fe,Mn 2H 80, ( 192)salt?
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Once formed EgSO^ reacts with ammonia, which occurs naturally 
and is very soluble in water, to form the sulphate and bisulphate 
(138 ), and with other alkaline metal salts such as NaCl ( 194) and 
MgO ( 90 ).
Removal of SOg from the stratosphere has been suggested as 
occurring through the three body reaction; SOg + 0 + M = SO^  + M 
where M is the molecule of Og or Ng which carried the excess energy of 
the reaction away and so prevents its reversal ( 194). The proponents 
of this reaction think it could be largely responsible for the 
stratospheric layer of HgSO^ and sulphate particles, but since they 
thaüselves also ascribe this layer to volcanic emissions and there 
is little interchange between the stratosphere and the troposphere 
( 88 ) most of the SOg found in the stratosphere and thus amenable to 
conversion by the above reaction must presumably be of volcanic origin.
3.2.2 Fate of SO^  Conversion Products
Sulphuric acid droplets and the salts formed therefrom which 
originated from the oxidation of SOg are small, mainly under 0.5 pDi 
( 8 8  ), and may thus be treated as gases with respect to their diffusion, 
transport and removal, as, according to Stern, can all particles of 
less than 20 pm diameter ( 8 8  ). Hence gravitational sedimentation, 
an important removal mechanism for large particles such as sea salt 
particles, is not significant as far as sulphate of anthropogenic 
origin goes. More important is removal by precipitation and impaction 
(or dry deposition), though the relative amounts of sulphate removed 
by each mechanism have yet to be established. In the case of removal 
by precipitation for examplej both field measuranents ( 242 ) and 
theoretical studies ( 127, 224) have been made on the relative contributions 
of scavenged SOg and sulphate to the sulphate content of the rain. But 
in the absence of comprehensive isotopic ratio studies, it cannot be 
established how much of the scavenged SOg and sulphate is of anthropogenic 
origin or how important a removal mechanism precipitation is for each.
The uncertainties in estimating the significance of various removal 
mechanisms for a pollutant are compounded in estimates of its atmospheric 
residence time. Current estimates for the residence time of sulphate 
particles are: several days in the air near the earth's surface, about
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a week at cloud level, and 1 to 2 years in the stratosphere ( 194).
During this time, the particles may he transported hundreds or even 
thousands of miles from their sources before reaching their eventual 
sinks.
3.2.3 Precipitation by Scavenging(Rainout and Washout) of unconverted SOg
The.main removal mechanisms for that SOg which escapes chemical 
conversion are also precipitation and dry deposition. Precipitation 
scavenging is an order more complex for gases than for particles because 
the capture of a gas molecule by a raindrop is to some extent reversible 
(88 ). Scavenged SOg undergoes a series of reactions, some catalytic,
to ultimately form HgSO^ drops or a sulphate salt. From the time SOg is 
absorbed by a cloud droplet, it is both ionised and oxidised by the 
reaction sequence suggested by Scott and Hobbs (261 ). Field measurements 
have indicated that there is a significant accumulation of SOg in rain 
drops ( i79 )  ^but while Rasmussen et al contend that precipitation 
scavenging is probably the largest sink for SOg on a global scale (245 ), 
in looking at the various sinks for SOg over the UK Garland and Branson 
found precipitation to be less important than dry deposition (172 ).
From measurements of the sulphur content of rain over Britain, they 
estimated the quantity of SOg in its original form and as sulphate to be 
deposited by precipitation as approximately 0.T mt/y while that dry 
deposited was 1.64 mt/y.
3.2.4 Dry Deposition
The principal recipients of SOg by dry deposition are vegetation,
the soil and water bodies. Freid has shown that a portion of the
sulphur used by plants in metabolic processes is absorbed directly from
the atmosphere, especially if the soil is sulphur deficient (l70 ).
Several studies have shown that the extent of SOp absorption is directly147proportional to the SOg concentration (ps6 ^^ * and Martin and Barber 
found that under certain conditions 3 out of 4 ppm SOg could be absorbed 
by a hedge (217 ). Estimates of the amount of anthropogenic and natural 
SOg removed by vegetal absorption per year vary from 30 (171,194) to 
150 (164) million tonnes globally.
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The degree to which SOg is absorbed by soil depends on many 
factors. Generally, however, the absorption of SOg increases the 
higher the soil moisture content and the higher the pH. Estimates 
of total SOg thus deposited are scarce and an obvious omission to 
most sulphur cycles. However, since the deposition velocities cited 
in the literature are in the range of 0.2 - 0.7 cm/sec, and these 
are less than those for vegetation which lie around the 1 cm/sec 
mark ( 262 ), it is likely that soils are a less important sink.
Eriksson estimated that 50 mt/y SOg were absorbed by soil ( 164 ), 
but Abeles et al derived a figure of only 8 mt/y from their own 
experiments ( 116 ).
The oceans are a potentially vast sink for SOg. Spedding thought 
as much as 960 mt/y SOg were deposited at sea ( 264), while Liss and 
Slater made a more conservative estimate of 150 mt/y ( 203 ). But 
Kellogg considers that far from being a sink for SOg the oceans may 
be a source of it •.
Finally, much work has been done on the absorption of 80  ^by 
stone and building materials, particularly limestone and sandstone 
(207 , 263 ). This is more of interest for the damage it causes to
buildings than as a sink ( 115 ). An upper bound estimate by Rammussen 
( 245 ) credits stone on the earth's surface with the capacity of removing 
only 9 mt/y SOg.
3.3 Residence time of SOg in the atmosphere
The residence time of SOg in the atmosphere may be anything 
from 20 minutes to 7 days ( 235 ). As with sulphate particles, the 
longer estimates would permit considerable transport of the SOg and 
indeed according to Garland and Branson ( 172 ) 5 mt/y SOg out of a total 
of 7.3 mt/y (including about 1.3 mt/y brought by advection from the 
continent) is borne away from the UK by the wind.
.4 Problems in the Assessment of the Effects of SOg
4.1 General Difficulties
The difficulties in demonstrating the effects of air pollution, 
let alone attributing costs to them, are well documented. In order 
to isolate the effects of a particular pollutant from those due to 
natural changes or other pollutants, many researchers have resorted
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to the controlled conditions of the laboratory. But the relevance 
of laboratory results to the situation outside is usually very 
limited in the field of air pollution. With field studies, long 
periods of time must elapse before clear trends emerge, particularly 
in the cases of health and agriculture, and since it is only recently 
that many of the potential dangers have been recognised, and the 
relevant studies initiated, conclusive results can only be expected 
several years hence. The matter is further complicated by the fact 
that so few areas are today pollution-free that it is impossible to 
predict what the trends would have been in the absence of pollution.
.4.2 Health Effects
Amongst the most difficult effects of air pollution to demonstrate 
are those upon health. The reasons for this are well summarised by the 
Programmes Analysis Unit (PAU). "Smoking habits... general social 
conditions in living areas, water hardness, regional genetic differences 
etc.; can all play a significant role in determining regional variations 
in morbidity and mortality and these parameters may themselves correlate 
with one another. For this reason, a simple correlation between air 
pollution levels, however measured, and bronchitis morbidity or mortality 
could always be reflecting or embracing some other, facet of the 
individual’s environment. Even if this possibility were ruled out, the 
measure of pollution used (smoke, SOg etc) could be serving as a proxy 
for some unrecognised minor constituent in the emissions which was the 
real causative agent" (353 -&IV.212).
It has not yet been possible to segregate the effects of smoke 
and SOg ( 47). -However, as far as SOg is concerned, its particulate 
oxidation products are generally much more irritant than the gas itself 
(369 ). The effects of SOg as a gas are limited to the upper respiratory 
tract by its solubility (90), while Hg SOj^ dissolves so quickly in the 
atmosphere that there is little chance of its reaching the lung tissue 
before substantial dilution has taken place ( 140). Since it has only 
recently been discovered that the correlation of health effects with 
suspended sulphates appears stronger than that with SOg, most studies of 
sulphur-related pollution and respiratory disease mortality use SOg 
concentrations.
A high degree of correlation between regional SOg and smoke levels 
or regional fuel consumption and bronchitis has led Lave and Seskin 
to conclude that "depending on the particular location or index 
bronchitis mortality could be reduced to 25 to 50% by reducing pollution
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to levels currently prevailing in clean regions"(quoted in 353SIV.218) and Prof. 
Lawther of the UK Medical Research Council's Air Pollution Unit agrees 
that "the urban excess of chronic bronchitis is well recognised and 
has been attributed in part at least to exposure to air pollution, 
although many other factors play a major part" (^ g* ). Other studies 
concentrating on children have also provided evidence of air pollution 
causing disease. Douglas and Waller (160) found infections of the lower 
respiratory tract of children to be related to air pollution, though 
whether these effects will be lasting remains to be seen. In further 
studies using a multiple regression technique, Lave and Seskin found 
a correlation between air pollution and mortality from lung and other 
cancers (197), though the link was more tenuous than in the case of 
bronchitis.
Apart from causing disease, air pollution aggravates existing 
disease. Increases in mortality and morbidity during the London 
smogs can be largely attributed to exacerbations of existing illness - 
mainly bronchitis ( 47). That the association between air pollution 
and morbidity and mortality since the winter of 1962/3 has been barely 
perceptible bears testimony to the benefits of the ever diminishing 
pollution levels since the implementation of the 1958 Clean Air Act ( 47).
The shortcomings of statistical and epidemiological evidence can 
to some extent be compensated for by clinical and experimental evidence.
Ill—effects among bronchitis patients have been detected at 24 hour3exposure concentrations of smoke and 80^ of 250 and 500 jng/m respectively, 
but no adverse effects of 80^  alone or in conjunction with particulates 
have been demonstrated on airway resistance or any other measure of lung 
function at concentrations of less than 1 ppm ( 47). However, Lawther 
stresses that the 250/500 jJ.g/m figure should not be taken as a limit 
of safety for it is probable that it is higher short term peak concen­
trations, rather than the 24 hr averages which conceal them, which are 
really responsible for any ill-effects ( 47 ). go many are the factors 
that influence health that it may well be that simple dose-response 
relations cannot represent the effects of sulphur-related pollution at 
all. One area of particular controversy is whether there is a threshold 
concentration below which the pollution is innocuous. Nevertheless, as 
the Ford-Mitre study puts it "since decisions must be made on allowable 
levels of pollutants, best estimates of dose-response relationships 
must be used, with full recognition of the uncertainties, to calculate 
the incremental effects of incremental sources of pollutants” (65, pl91).
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In the US the dose-response relationships most used are those 
derived by Finklea, who has drawn on various sets of data to deduce 
"best judgement" linear dose-response relations for five different 
health effects: respiratory disease deaths; aggravation of heart and
lung disease in children; and excess risk for chronic bronchitis ( 26 ).
However, there is wide disparity in the data and considerable controversy 
over the interpretation of the results ( 65 ),
The US SOg standards are considerably lower than the 1 ppm below
which Lawther could detect no ill-effects in his experiments. The 
primary standard designed to protect public health is 0.l4 ppm 2k hr 
average concentration^and the secondary standard which is related to 
public welfare is 0.1 ppm ( 367). The primary standard for SOg is not 
as high as the secondary one, whereas for most other pollutants the two 
are equal (eg for CO, NO^ , RHC.and oxidants), because with SOg the 
concentrations that harm health are relatively high compared with those 
that cause damage in other areas, to vegetation for example.
4.3 Effects on Vegetation
SOg and its products may affect plants directly, for example 
through the absorption of gaseous SOg by leaves, or indirectly through 
their action upon the soil. A large variety of plant species which 
differ markedly in their susceptibility to SOg are affected. Individuals 
and races or cultivars of the same species can differ greatly in their 
sensitivity to SOg, which depends also on their stage of growth. Low 
levels of pollution may not induce dramatic damage at all but merely 
alter productivity ( 301 ).
So many are the factors that influence plant growth - weather, 
soil quality, pests and diseases, methods of husbandry, the use of 
fertilisers, synergism with other pollutants etc - that experiments to 
determine pollutant effects are usually carried out in highly controlled 
environments. Most knowledge of the effects of SOg gas on plants derives 
from field observations and experimental fumigations of plants at more 
than 500 p.g/m , a situation of limited relevance to UK rural conditions 
( 301 ). However, it is on the basis of such measurements that a 
concentration of 429 jig/m has been widely accepted as the threshold 
below which a range of higher plants would not be injured during 
prolonged exposure ( 284 ).
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A recent growth of research into the effects of relatively low 
levels of SOg (50 - 200 jig/m^ ) also suffers from excessive controls, 
for most of the fumigations involve constant SOg concentrations over 
long periods of time, and there are relatively few data on the 
effects of intermittent and fluctuating concentrations of SOg such as 
occur naturally (301 ). According to Clarke et al it is neither the 
short term (less than 30 minutes), nor the longer term (more than one 
day) effects which are closest to the possibility of damage, but those 
lasting for a matter of a few hours ( 18 ). Moreover, far from being 
deleterious to plant life, low concentrations of SOg can be beneficial 
to certain plants, especially where soils are sulphur-deficient (193 ,
301 ).
Convincing evidence for the adverse effects of air pollution upon 
plants comes from the Greathouse farm - an experimental farm in central 
Lancashire - where reductions in the yield of grasses were attributed 
to air pollution, and largely upon whose results the PAU based a lower 
limit for the average excess damage in the rural north over the rural 
south of 1% of the total value of all cereal crops (353 ).
However, recent studies have indicated that air pollution at levels 
previously regarded as acceptable may be causing significant yield 
losses in British agriculture, in some cases cutting it by more than 
half (135 ). If the results are typical of the country, perhaps 20% 
of the total area under cereals could be subjected to harmful SOg levels, 
though the results are far from unambiguous and whether the same damage 
occurs also in other crops remains to be established, and is the subject 
of ongoing research.
Great though the gaps in knowledge on the effects of dry-deposited 
SOg on the UK terrestrial environment are, they are even greater in the 
case of acid rains. Reports from Scandanavia blame acid rains for 
decreasing freshwater fish populations by lowering the pH of the water, 
and inhibiting forest growth (356,361), But, whatever the cause, no such 
effects have been observed in the UK. English waters are well buffered, 
and the less well buffered Scottish waters have shown no change in pH 
value despite the lowering of the pH of rain there from 5 to 4 between 
1954 and 1975 (301). In this connection the Central Unit on Environmental 
Pollution within the Department of the Environment has identified the 
largest gap in knowledge as understanding the relation between acid 
precipitation and fresh water acidification (301).
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5 Costs of SOg Pollution Damage
5.1 Some estimates of the costs of SO^ damaqe, and air pollution
damage costs generally
Though it is often difficult to establish its precise effects,
SOg and its oxidation products have been shown to adversely affect 
crops and vegetation, corrode metals, degrade paints, weaken textiles, 
leather and cellulosic materials such as wood and paper, and, in 
conjunction with particulates, harm health. In 1970 the Programmes 
Analysis Unit (PAU) (353) derived figures for the mean excess economic
and social costs in connurbations over those that exist in non-
connurbations, or marginal costs, due to air pollution in the UK, in 
what is probably the most comprehensive, rigorous and reliable study 
of its kind so far performed. These are shown in Table IX.5. The 
economic costs are defined as those evidencing themselves through 
changes in the market, such as the costs of cleaning air pollution dirt 
or the depression of property values due to an unpleasant odour, while 
social costs are non-monetary costs, whether because they are not reflected 
in the GNP, as in the case of housewives services or the effects which 
lead to counteracting lowering of standards, or because their value 
is simply not defined and cannot be easily imputed, such as changes 
in people’s amenity and degree of suffering.
However, in order to obtain their estimate, the PAU had to make a
great many assumptions and concluded that knowledge of the effects of 
pollution and the levels of specific pollutants was insufficient to 
support accurate determinations of the national damage cost figures.
Neither was the relative contribution of different sources to ground 
level concentrations of pollution adequately understood. There has 
since been an improvement in knowledge of the concentration distribution 
of pollutants, particularly with the completion of the Warren Spring 
Laboratory’s National Survey of Air Pollution (325), and the dispersion 
of pollutants and the contribution of different sources to ground level 
concentrations, but ignorance of their effects remains a major impediment 
to the formulation of proper damage functions and hence evaluation of 
costs.
As well as marginal costs, the PAU also derived total costs 
(Table IX.6), but these are derived with the aid of many added assumptions, 
almost as an afterthought, and the bulk of the study is devoted to the 
marginal costs. Even so the total costs of air pollution in 1972 of 
£1190m represents less than 2% of GNP.
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■ TABLE IX, 5
Marginal Damage Costs (£m per annum)calculated by PAU
(353, 1972) and Beaver (305, 1954)
P A U Beaver PollutantItem Economic Social Report Responsible
Mean cr Mean cT
Painting 6.3 2.5 30 SOg
Laundry & Household Goods.(including car cleaning) 0.5 0.1 164 60 25 Smoke
Exterior cleaning of buildings - - 1.5 0.2 )) Smoke
Window & Office Cleaning 5.0 0.2 — —
)
) 20 Smoke
Corrosion & Protection of Metal Structures 10 5.5
)
25 SO2
Damage to Textiles, Paper, Leather etc. 33 4.5 Mt — 50 SOg + Smoke
AgriculturalProduction 39 11 10 SO.
Health 40(c) 7.5 14o(c) 29 100 zSOg + Smoke
Amenity - 
Point Sources 100 33
General - - (30) (T)) - —
Motor Vehicles — 3 1 —
TOTAL COSTS (rounded) 130 15 (410) >(75)< 250
Notes
(a) The above economic costs are excess of costs in conurbations over 
costs in non-conurbations, i.e. "polluted" as opposed to "clean" 
areas, except for agriculture which refers to rural areas. The 
social costs are not truly marginal costs.
(b) Not included in total since this figure is already covered under
other headings,
(c) Annual costs not discounted to allow for delays in reducing them.
(d) The social cost totals are in brackets because the basis of calculation
of these costs varies with each category of damage and hence it is 
questionable whether social costs can be added together to give a 
meaningful total.
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TABLE IX.6
Total Air Pollution Damage Costs Calculated by PAU ( 353)
Item Economic Social
Mean cr Mean cr
Painting 6.3 2.5
Laundry etc 0.5 0.1 164 60
Exterior cleaning of buildings 1.5 0.2
Window cleaning etc 5.0 0.2 - -
Corrosion and protection of metals 42 28
Textile, paper etc 33 4.5 - -
Agricultural production 195 110 — -
Health 130 63 510 243
Amenity -
Point soureres 100 33
Motor vehicles — - 3 1
TOTALS (rounded) 4io 130 CT8 0) C252)
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Although tentative, the PAU costs inspire more confidence than 
those of the Beaver Committee of 1954 ( 305), the first major study 
of this kind in the UK and which focused on soiling damage, some of 
which were quoted without any justification. But, apart from the 
different methodology, the fact that the PAU costs are consistently 
lower than the corresponding Beaver ones may reflect the fall in 
pollution levels that occurred in the period between the two reports 
as a consequence of the implementation of the Clean Air Acts.
In the US several studies have been made on particular aspects of 
air pollution damage. The most comprehensive study on the annual 
costs of the deterioration of materials due to air pollution has been 
performed by the Midwest Research Institute ( 60 ) which, through 
literature surveys, interviews and correspondence, found an economic 
loss of $3800 million from the corrosion and deterioration of the 51 
materials considered. The best, though much criticised, estimate of 
the costs of air pollution induced health damage in the US, is that 
of Lave and Seskin ( 196 ). They first arrived at coefficients for 
allocating the responsibility of air pollution for respiratory diseases, 
internal cancer and heart disease by regression analysis, and then, 
using the costs of illness developed by Rice ( 78 )j> found that the
total benefits obtained by a 50% improvement in air quality would 
amount to $2,080 million.
Of all the areas of air pollution damage, Barrett and Waddell
( 3 ) considered the estimates of losses in the value of property
due to air pollution to be the soundest since they are based on
sophisticated econonometric models which succeed in explaining around
90% of the mean property value variation (108,118,24^ ). Their confidence
in these models is bolstered by the agreement between them. Results
clustered about a probable value of between $100 and $300 increase in
property value for a marginal decrease in pollution level of 0.1 mg 2SO^/lOOcm -day.* The result is a measure of the longterm average of 
all sulphate-forming air impurities. Barrett and Waddell chose a 
middle value of $200 per 0.1 mgSO^/lOO cm^ -day.
2*Where 1 mgSO^/lOOcm -day is a sulphation unit measured by exposing 
a plate of known area prepared from lead peroxide paste to the atmosphere 
for periods of up to a month and analysing the product for sulphate.
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These formed the hasis of a figure for the total cost of air 
pollution damage in the US in 1968 of $l6.1 hillion, which was 
derived by Barrett and Waddell in the first critical survey and 
comparison of the 36 studies on air pollution damage costs that 
they could locate ( 3 ). Of this total $6.06 billion was attributed
to health damage, $U.T52 billion to material damage, $5,200 billion 
to residential property price depression and $0,120 billion to damage 
to vegetation.
Costs from other countries include an estimate by V. Hucina of 
the Swedish Corrosion Institute that corrosion of metals in 19T0 from 
atmospheric sulphur pollutants of all forms totalled more than $T a 
year per person in the US and more than $U per person in Sweden ( 202 ).
5.2 Comparison of Costs Derived in US and UK
Per capita air pollution costs derived for the US are generally 
far higher than those derived in the UK. Though the uncertainties in 
all air pollution damage estimates are great, so pronounced and 
consistent is this national difference that other factors must be 
invoked to explain it. Part of the explanation for the difference 
between UK and US' costs lies in the calculation of the costs themselves, 
assuming that the actual degree of damage in the two countries was the 
same. The higher cost of living will reflect itself in all the costs 
attributed to air pollution damage. For example, the cost of lost 
productivity and medical care due to air pollution-induced illness, 
or earnings foregone in the event of premature death,will be greater 
in the US than the UK. But the degree of air pollution damage in the 
two countries is not the same. Many of the adverse effects of air 
pollution in the UK identified by the PAU would occur to a greater 
extent in the US because the pollutants responsible occur there in far 
greater concentrations (367 ). By adjusting their estimates for the 
costs of damage to paints by 80^  to accommodate the higher US 
concentrations and labour costs, the PAU found that the US and UK 
estimates became of the same order of magnitude ( 301 ). However, some
of the US costs are derived from effects altogether different 
from those encountered in the UK, and cannot thus be rendered 
compatible with UK costs by the application of simple scaling 
factors. Agricultural damage is a case in point. The US 
Department of Agriculture estimated annual damage to agriculture 
to be $500 million ( 37 ), but most of this was caused by 
photochemical smog which is not a problem in the UK. In their 
estimate of $120 million yearly air pollution damage to agriculture 
Barrett and Waddell found that 80^  was responsible for only 2.%.
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Finally, any remaining discrepancy between US and UK costs may 
reflect a fundamental difference of opinion over certain effects of 
a pollutant which itself derives from a basic difference in attitudes 
towards environmental problems. Differences between the UK and the 
US in both their scientific and legislative approaches to pollution 
problems have already been mentioned. Certain US authors may, in 
order to reach a conclusion on the effects of a-pollutant, make 
assumptions of a kind and quantity which a UK author would not be 
prepared to make but rather leave the question open,as will be seen 
with the health effects of power station air pollution later in the 
chapter. Others may simply cite an effect the existence of which is 
denied by the UK authors. A good example, though not strictly 
relating to air pollution, is the effect on the environment of thermal 
cooling towers. American authors claim cooling towers can affect the 
local climate, causing fogs and icing in cold areas and such effects 
have been included in studies of the environmental impacts of 
electricity generation (232), but the CEGB could find no such effects (265). 
Should these contentious effects be pursued so as to ultimately manifest 
themselves in the total environmental damage function, the cost differences 
between countries attributable to these effects could be seen as the 
basis for an. index of national environmental conscience.
5.3 Misrepresentation of Air Pollution Damage Costs
While the original studies on the effects and costs of air 
pollution make explicit reference to the many uncertainties in their 
estimates introduced by the difficulties in first evaluating the 
effects and then putting them into monetary terms, these uncertainties 
are often neglected by those who quote the final costs without 
qualification. The PAU report has suffered particularly from misrep­
resentation. The uncertainties in its costs rise dramatically the 
greater the costs and are particularly high for health and 
agriculture. Moreover, it is often the tentative total costs 
derived in this report that are quoted with no reference made 
to the marginal costs upon which they are based and which 
constitute the bulk of the study.
For example, the National Society for Clean Air not only 
cites the total costs derived by the PAU in its Yearbook (351) 
without any qualifications and making no mention of the 
smaller, but more reliable marginal costs, but also combines 
the total economic costs (£410 million) with the -total social 
costs (£780 million) to give a total of £1190 million, when the
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PAU explicitly states that "the social figures are clearly 
highly sensitive to the assumptions made concerning the 
linearity of damage with pollution and the value set on 
Disutility of premature death and illness are shown for
comparison purposes only, and should not be combined with the 
economic costs (301 5 VI.22). Furthermore, not only is addition 
of the social to the economic costs inadmissable, but "it is 
questionable whether (the social costs themselves, which 
represent the larger of the two) can be added together to give 
a meaningful total ..... since the basis for (their) calculation 
varies with each area of damage". (301, ^V1.20).
The uncertainties in the original studies are propagated and 
magnified in the large numbers of second-hand estimates which are 
derived from the few original studies. For example, an estimate of 
air pollution damage in the Pittsburgh area made by the Mellon 
Institute in 1913 ( 66 ) was extrapolated on the basis of commodity 
price index and population to give a cost of $11 billion, or $60 per 
capita for the US in 1959 ( 223) and has been widely cited in the 
popular literature as a national cost. This figure, however, has 
been replaced as the one most often quoted by one derived by Barrett 
and Waddell for the US of $l6.1 billion as a national cost for I968, 
Barrett and Waddell consider their estimate to be a conservative figure 
since it omits areas where the data is considered insufficient, such 
as the costs of soiling and damage to livestock. Quite apart from 
this however, this figure is misleading in its accuracy since not 
only are there large uncertainties attached to the few original 
studies upon which it so heavily depends, but there is a great deal 
of variation between the methodologies of the component studies and 
the confidence with which their results may be quoted. Moreover, 
Barr%tt and Waddall attempted to further refine their estimate by 
breaking it down into the amounts attributable to different pollutants 
by assuming that where more than one pollutant is responsible for a 
particular category of damage, such as with health and residential 
property prices which are affected by both particulates and 80^ , the 
costs can be divided among the pollutants in proportion to the total 
weight of each pollutant emitted nationally . This, of course,
is totally unacceptable for it infers that one ton of particulates 
from any source does as much damage as one ton of 80^  from any source. 
MG.Morgan et al ( 232) made a similarly untenable assumption in the 
costs to society of producing electric power with conventional coal- 
fired stations. Using the costs of Barratt and Waddell, they obtained
2 l h
costs of 6 mills/kWh from SO^  damage, 2-3 mills/kWh from particulates 
and 0.3-1 mill/kWh from simply hy mutliplying the national 
estimates for each pollutant hy the fraction of that pollutant which 
comes from coal-fired stations and dividing hy the total amount of 
electricity generated hy coal. The overestimate is greatest for 
since nearly all the damage calculated hy Barrett and Waddell was 
from vehicular WO^ and in the context of photochemical smog and hence 
in no way comparable with power station emissions, but, for reasons 
concerning the height of emissions which will be discussed later, is 
also great for SO^ .
As a final example of the further perversion of what are already 
questionable cost estimates, Preining {2kk ) applies Barrett and 
Waddell's US costs to Austria by adjusting them for the different 
population, forest area, total GNP and GNP distribution among the 
agricultural, industrial, mining, construction, transport and energy 
use sectors. All other conditions in Austria, such as topography and 
ground level pollutant concentrations, he assumes to be the same as 
in the US or deals with them by use of an arbitrary scaling factor.
6 The Effects and costs of SO^  Pollution From Thermal Power Stations
6.1 Introduction
The issue of the damage caused by air pollution from electricity 
generation to some extent circumvents problems of both the potentially 
great magnitude of the costs of air pollution deduced in the studies 
mentioned earlier and the vast uncertainties attached to those costs, 
for it can be shown that electricity generation does not contribute 
significantly to ground level concentrations of SO^  and therefore neither 
presumably to those of other gaseous pollutants emitted.
The large emissions of power stations have led some authors to 
conclude that electricity generation must therefore be responsible for- 
much of the damage caused by air pollution. The most naive simply 
assume a linear relationship between the quantity of pollutant emitted 
and the damage caused, and so derive vast costs for damages from power 
station air pollution as Morgan et al did ( 233). However, 20 years 
ago Scorer, in a then most controversial paper, realised that the 
height and the heat of power station emissions would lead to their 
greater dispersal than domestic emissions, while the distance of most 
stations from centres of population and materials would also diminish 
their impact ( 26o ). Using his experience as a meteorologist. Scorer
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produced weighting factors for different sources based on the 
height and temperature of emissions and the bulk nature of the 
source, radiative effects from the pollution cloud, the relation­
ship between source and weather conditions, proximity of the 
source to the site of damage and the chemical nature of the 
pollutants (see Table IX.7). The PAU used Scorer’s weightings, 
with the exception of that for the chemical nature of the pollutant, 
to distinguish between domestic, industrial and power station 
emissions and through them attributed only about 10% of the total 
damage due to air pollution in the UK to electricity generation.
And of that damage which it did attribute to power stations, over 
90% was agricultural damage. However, the PAU report mentioned that 
it did not consider the local effects of specific sources but only 
those due to their general contribution to background concentrations, 
implying that it may have underestimated the effects of power station 
emissions. In fact, recent studies on the contribution of air 
pollution from different sources to ground level concentrations have 
not only provided experimental support for Scorer’s intuitive 
deductions, but suggest that far from underestimating the damage from 
power station air pollution, the PAU may have overestimated it.
6.2 Power Station Surveys - Contribution to GLC’s
The CEGB has carried out, or is in the process of carrying out, 
routine surveys of SO^ around nearly all of its power stations in 
order to monitor the atmosphere breathed by people in the vicinity.
In these surveys measurements of 80^  are made at 8 to 12 sites around 
the station on a volume concentration basis taken over an interval of 
one day. In studies of SOg concentrations around six 2000 MW power 
stations (3 coal- and 3 oil-fired) from periods of at least two years 
before the commissioning of the stations and during the commissioning 
period of at least another two years, it was not possible to detect 
the effect of power stations on monthly or seasonal average SOg 
concentrations ( 141). With or without the power stations, rural 
concentrations were less than urban ones, winter concentrations were 
always higher than summer ones, and the national trend towards 
decreasing SOg concentrations was observed. Small (non-power station) 
emission sources near each gauge site dominated the concentrations 
recorded. All these factors point to low level emissions as the major 
source of ground level SOg and vindicate the tall stack policy of the 
CEGB for the dispersal of power station emissions.
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These results are supported hy the conclusions of more detailed 
studies designed to investigate shorter term concentrations of SOg at 
selected sites as part of the CEGB research programme. In a series 
of such studies Martin and Barber managed to isolate station and 
background contributions to SOg concentrations and found that on a 
long term basis (around six months) the overall power station effect 
was small compared with background concentrations (214,). They 
estimated that power stations contributed only 0.1 to 0.2 ppm to a 
background of 3 (in summer) to 5 (in winter) ppm in one study ( 214), 
and less than 10% to the total in another ( 216). Again most pollution 
appeared to come from distant cities and industrial centres, especially 
during fumigations, that is the bringing to the ground of relatively 
undispersed layers of gaseous matter by sudden changes in atmosphere 
stability. Power station emissions varied with a periodicity of 1 to 
2 minutes, due probably to a similar fluctuation in the wind and 
possibly also in station emissions and plume rise. In general high 
background concentrations persisted for 1 to 2 hours while high station 
concentrations for less than 10 minutes. And even the highest short 
term concentrations found-a 3-minute maximum of 68 jig/m^  at 5.6 kms 
from the station - is below the limits of exposure of vegetation to 
pollution of 70-30 log (duration of exposure) set by Zahn ( 284). 
Moreover high background and high station concentrations were rarely 
additive for they were likely to occur under different meteorological 
conditions. High background concentrations are mostly associated 
with inversions and fumigations when power station emissions do not 
contribute more than normally to ground level concentrations and may 
partly or completely penetrate an inversion (i8, 214 ), while high 
power station concentrations were found mostly in strong winds when 
cities are well ventilated and thus urban emissions dispersed. This 
is in direct contradiction to the assumption in some US estimates of 
the health damage which can be attributed to a power station, which 
assume that the days of highest background concentrations are also 
those when power station contributions will be greatest. One such 
study not only assumes this, but also assumes that a Gaussian plume 
model adequately describes the behaviour of power station emissions, 
and that the effects of SO^  on health can be separated from those of 
particulates when neither of these assumptions is valid or backed by 
evidence, apart from using Pinklea’s contentious dose-response
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relations for the health effects, to arrive at the conclusion 
that emissions from a single coal-fired power plant (lOOO MW)
can amount to thousands of days of human illness, and some 
premature fatalities” ( 12 ). Other theoretical studies attribute 
far greater potential health effects to 80g emissions from a coal- 
fired plant, also using Finklea’s health relationships. A U8 
National Academy of Sciences report for example calculates that a 
620 MWe plant burning 3% sulphur coal without flue-gas desulphurisation 
and emitting 216 tonnes of sulphur a day would cause k2 deaths per 
year in an urban location and ik in a more remote one. If these 
figures are normalised for a 1000 MW station operating at a 60% load 
factor, depending upon which estimates of health damage one takes, 
the number of premature deaths from a coal fired power station would 
range from about 2 to 100 per year. Another study estimates a similar 
plant would cause from 15 to as many as I50 extra deaths a year ( 35 ),
Although such studies originate in the US where, for reasons 
mentioned earlier, the damages from air pollution are likely to be 
seen as higher than in the UK, and are based on many questionable 
assumptions, the size of the range of possible health effects obtained 
does reflect some important general aspects of the potential effects 
of power station emissions. Firstly, although UK studies have shown 
how little power station emissions contribute to ground level 
concentrations, if the marginal contribution pushes these ground level 
concentrations past some threshold level they could have a large 
effect. Thus their effects will depend critically on the pre-existing 
levels of pollution and the form of the dose-response relationship - 
particularly whether there is a threshold level beyond which effects 
suddenly manifest themselves. Secondly the range reflects the 
dependence of the magnitude of the effect on the size of the exposed 
population or whatever else is being affected. But at the same time, 
the size of the range of potential effects, and the number of 
assumptions which have to be made in' order to derive this range, 
indicate that the particular circumstances of a power station are far 
more important in determining its effect than any general principles. 
For this reason each power station must be assessed separately if a 
true picture of its effects is to be obtained, and although the general 
approach may be useful in providing lower and upper bound to the 
problem, so far apart are these two limits that they are severely 
circumscribed in their applications to specific cases. Unfortunately, 
as far as empirical case studies, as opposed to the above mentioned 
theoretical generalised models, are concerned, the state of knowledge 
is very limited. Far from even attempting to determine the health
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effects of a power station, as far as I am aware the most advanced 
piece of research on the effects of power station emissions to date 
concerns the effects of a particular station on the grassland 
ecosystem within which it is situated, and has so far found the 
greatest economic impact to be on the local bee population (249).
6.3 The pH of rain around power stations
There has recently been considerable interest in measuring 
the pH of rain water to see if it is affected by absorbed pollutants, 
particularly among Swedish authors. However, studies on the influence 
of power station emissions upon the acidity of rain in the vicinity 
are few, and those which have been conducted have failed to produce 
consistent results.
Since SO^  from power stations seems not to contribute 
significantly to pollutant concentrations on the ground or at greater 
heights (216) it seems unlikely that it would greatly affect the pH 
of rain either. Indeed this is supported by the work of Granat and 
Rodhe who found a long-term average for the increase in acid 
deposition by precipitation at a particular point within 10 to 15 km 
of a certain power station of less than 10 to 15% of what could be 
expected without the emissions at the plant. This in turn implies 
that less than 10% of the SO^  emitted from the plant during 
precipitation periods is deposited by precipitation within 15 km of 
the plant, and less than 1% if dry periods are also included (176).
However, these results do not agree with measurements made closer to the 
source by American authors (201) which indicate a rapid depletion of 
acidic compounds from the plume. Moreover the low rate of nearby washout 
estimated by Granat and Rodhe is also at variance with the results of 
studies of Hogstrom near the urban area source of Uppsala, which indicated 
that between 50 and 100% of emitted sulphates were deposited within 
60 km (187). In the latter case, however, it seems that in their 
contributions to ground level concentrations, point sources with tall 
stocks,and area sources with low level emissions cannot be appropriately 
compared. This is indicated in a theoretical model by Hales et al (179), in 
which low level emissions are deposited close-by but significant washout from 
tall stacks can be expected only at considerable distances. Another reason 
for the apparent difference in the proportions of low and high level emissions 
deposited by preciptation could be that the higher aerosol content of urban
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emissions increases the rate of oxidation of 80  ^to more readily 
washed out sulphates. This is supported by the results of Anderson 
( 119) and Rodhe ( 249) who found that the average sulphate 
deposition rates were twice as high within the city of Uppsala as 
further away. In this way the disparity between the behaviour of 
power station and urban emissions can to some extent be accounted for.
6.U Urban and low level emissions
Many of the studies of the dispersion and contribution to ground 
level concentrations of power station emissions have mentioned or 
implied that the bulk of background has its origins in low level, 
urban emissions. Research aimed directly at the fate of these low 
level multi- and area-source emissions establishes their guilt beyond 
doubt.
The definitive study of national trends and regional variations 
in 80g and smoke concentrations in the UK between I96I and 19T1 is 
the National 8urvey of Air Pollution ( 325) conducted by the Warren 
8pring Laboratory. This demonstrates that domestic and small 
industrial emissions are the major contributors to ground level 
concentrations. Firstly because time trends show that in each of the 
twelve regions into which the country was divided for the purposes 
of the study there was a clear correlation between 80g concentrations 
and domestic coal consumption. And secondly because the average 
ratio of the concentration of 80g to that of smoke in urban atmospheres 
was about 2:1 which is far closer to that found in domestic emissions 
for which the ratio is one, that to that which would be expected if 
all emissions (domestic + industrial + power stations) contributed 
equally to ground level concentrations, for since industry and power 
stations suppress most of their smoke the ratio in the latter case 
would be above six.
The National 8urvey of Air Pollution was concerned only with the 
spatial and temporal distribution of air pollution. More recently 
efforts to correlate the variation of 80g concentrations in different 
regions with various meteorological parameters, particularly wind 
direction and speed, and so elucidate the part played by urban and 
low level emissions have been made. Barnes demonstrated that few, if 
any, areas of England and Wales are ever free from air pollution 
released in urban areas ( 125 ) and concluded that: "The (urban) emissions
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can give rise to measurable concentrations of smoke and SOg in 
country districts over 100 km away. In extreme cases mean 
concentrations for certain country sites tens of kilometers from 
the nearest source are typical of those experienced in the heart 
of commercial towns".
6.3 Long Range Transport and Acid Rains
Such long range transport of urban emissions, often over
greater distances, has been identified in other studies conducted
around the world ( 285). Apart from travelling within the UK, UK
emissions are probably carried abroad as well (^ ^^ '), and we also361receive pollution from the continent, though less than we export 
(125 j 172). We may even receive some from as far away as North 
America. Power station emissions, released at greater height and with 
more buoyancy than urban emissions, and which have been shown in the 
studies mentioned earlier to contribute very little to ground level 
concentrations, are therefore even more likely to be transported long 
distances. The buoyancy of the plumes may frequently carry them 
above the mixing height ( 231) where, not being in contact with the 
ground, they will be depleted only slowly and thus more prone to 
long range transport. Indeed, power station emissions have figured 
prominently in claims by Norway and Sweden that the UK is largely 
responsible for the observed increase in the acidity of their rain 
over the past two decades, though emissions from other countries in 
north-west Europe also contribute. The increase in the acidity of 
precipitation in Scandinavia has been paralleled by an increase in 
that of the rivers and lakes of southern Scandinavia. This has led 
to the decline of various species of fish, particularly trout and 
salmon, some of which have disappeared from many water-courses. There 
has also been a reduction of forest growth in the area, though the 
effects of acid precipitation of land vegetation and soils are much 
more difficult to interpret than those on wildlife. Similar effects 
have been observed in the US ( 202).
The whole subject of acid rains is dogged by controversy. Not 
only are the effects the cause of deep schisms in the European 
scientific community, but also it is a far from straightforward matter 
to establish a causal relationship between the acidity of the rain
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and that of the lakes and rivers, and finally identifying the 
contribution to the acidity of the rain of different sources of 
SOg emissions is difficult. The resolution of this last difficulty 
has been the object of a study by the OECD aimed at identifying 
the relative importance of local and distant sources of sulphur 
compounds in 11 north-west European countries, including all those 
concerned with the problem of acid rain. It is the first comprehensive 
investigation of air pollution movement on a continental scale. But 
in its final report, which though completed in 1976 was only 
derestricted in mid-1977, it could only estimate dry or wet deposition 
in one country due to emissions in another to an accuracy of kO% ( 350 ). 
Thus, though the UK does officially accept some responsibility for 
Scandinavia's pollution problems, there is still disagreement over 
how far the UK is to blame. But even the two main victims of 
acid rain, Norway and Sweden, disagree on this point. Norway’s 
scientists accept in part the UK’s position, which is that acid 
precipitation over Norway is a complex mixture of sulphuric and 
nitric acids (buffered by ammonium salts) which interact in ways not 
completely understood. With such a mixture of complex processes 
involved it is difficult to know what effect a reduction of SOg 
emissions alone might have. On the other hand Sweden's environmental 
scientists remain convinced that the UK's policy of using tall stacks 
to disperse power station emissions is to blame for their acid rain, 
and that the problem is increasing by at least 2 to 3 per cent each 
year ( 283 ) .
7 Conclusions
In summary, there is little evidence that sulphur dioxide emissions from 
power stations adversely affect the environment. This is because, 
although power station emissions constitute a major source of the 
pollutant in purely volumetric terms, compared to both natural and 
other anthropogenic sources, being emitted from tall stacks at considerable 
velocity and also heated, they are dispersed and contribute insignificantly 
to ground level concentrations as experimental measurements have shown. 
Hence power station emissions cannot .be held to be responsible for any 
of the damages which various studies have attributed to sulphur dioxide 
emissions and which have been shown to be mainly due to low level 
domestic and industrial emissions. The one area of potential damage 
specifically attributable to power station emissions is that of the 
effects of acid rains brought about by the long range transport of sulphur 
dioxide, but the extensive studies performed on this have not provided 
information sufficient to precisely identify the source of such emissions.
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Of the various studies which do attribute damage to power station 
SOg emissions, many fail to take into account the specific nature of 
power station sulphur dioxide emission^ at worst simply assuming the 
damage is proportional to the amount emitted, and at best using 
simplistic atmospheno dispersion models which, on the evidence of 
field measurements, still overestimate the contribution to ground 
level concentrations- Moreover, so site specific are the effects of 
a pollutant, depending in the case of an air pollutant such as SOg 
upon the local meteorology and topology as well as the surrounding 
potential targets, that any attempt to construct general theoretical 
models of the type upon which most estimates of the health affects of 
power station SOg emissions are based, will be found to drastically 
oversimplify the issue and make untenable assumptions,
Quite apart from lacking understanding of the specific nature 
of power station emissions, these afore-mentioned studies may also 
misconstrue evidence on the effects of SOg generally. Although the 
most studied of all pollutants, SOg is still poorly understood in 
terms of its effects on health, vegetation and materials.
This lack of understanding is reflected in the often conflicting 
results of those performing the fundamental research, or the wide 
margins of error and large numbers of assumptions and qualifications 
made in the original studies. However, these assumptions, qualifications 
and margins of error are often neglected by those who use the studies 
for comparisons in a wider context. At worst the appliers of the original 
studies may extrapolate beyond the context in which they were valid, 
adding their own assumptions.
Not only are the proven effects of power station SO emissions small, 
but there is little to choose between coal and oil in terms of their SOg 
emissions. These emissions are largely determined by the sulphur content of 
the fuel which, in recent years, has been such that both oil and coal 
fired stations emit similar amounts of SOg per unit of electricity 
produced, 15.6 and 13.5 kg SOg per MWh respectively in 1976. Though this 
difference may at first appear appreciable, the further one goes towards 
imputihg.-cfromr:it any marginal, economic damage due to oil compared with 
coal, the less significant it becomes because the SOg damage functions, 
are not known and because the emissions are dispersed from tall stacks 
so that their effects are greatly reduced. Even if it could be shown
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that power station SOg emissions result in measurable economic 
damage which is of sufficient magnitude to give coal a clear 
environmental advantage over oil in terms of SOg emissions, the 
balance would be redressed by the fact that oil can be more 
easily and cheaply desulphurised than coal.
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Chapter X
Other Envirohméntal Effects of Electricity Generation
1. Effects on Landscape and Amenity
The largest power stations of over 2000MW capacity may extend 
half a mile in length and cover an area of up to 160 hectares. They 
will have a 200 m. chimney to disperse flue gases, and , if sited 
inland, eight 114 m. cooling towers of .91 m. base diameter each, 
from which visible plumes of water vapour are emitted. These 
features will dominate the appearance of a power plant^  for other 
buildings, though they will vary in size according to the fuel 
capacity and location of the plant, will be of relatively low profile 
by comparison, as will the coal stocks which may occupy several 
hectares of a coal-fired station, or , in the case of oil-fired stations, 
the fuel oil storage tanks. (82)
The high voltage transmission network of the CEGB includes 
approximately 16,000 km, of overhead routes and 1750 km, of 
underground cables, operating at potentials of between 132 and 
400 kilovolts. Pylons for 400 kv cables stand on a base 23 m. 
square and 50 m. in height, though in future these structures will 
be lower (.32 m.-.) but of greater area ( 19 sq m. ), Modern 400/132 kv 
switching and transforming stations can, with landscaping provisions, 
occupy 160 ha. or more. The high voltages used necessitate large 
clearances around electrical conductors to avoid flashovers. However 
the development of "metaclad" switchgear promises considerable ' 
reductions in the site area and structure heights. As the voltage 
at which electricity is transmitted decreases through successive 
sub-stations so does the size of the structures needed to carry the 
overhead lines, while an increasing proportion of the cables go 
underground (see table x.l ),
Table X.l Circuit kilometers of distribution mainsin service in 19 73
Voltage Overhead Lines Underground Lines
Over llkv 46,000 18,000
llkv 127,000 97,000
415/240V 67,000 205,000
Source: Ref, 334.
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11 kv lines are normally carried on wooden poles with three horizontal 
conductors and are visually unobtrusive even in remote areas where 
long lines must run through attractive scenery, (333,334)
In its sixth report the Royal Commission on Environmental 
Pollution expressed the fear that if the growth in demand for 
electricity envisaged by the Department of Energy and the Atomic 
Energy Authority was realised then "few areas of the countryside in 
Britain would be free from the outward visible signs of electricity 
generation and distribution", (322) This foreboding was provoked by the 
spectre of a predominantly nuclear future but makes the point that 
the worst effects on the landscape and amenity, especially with 
the distribution of electricity, are common to all forms of electricity 
generation whether fuelled by coal, oil or uranium.
However in most respects where there is a difference between 
the impacts of coal and oil-fired stations it is coal-fired stations 
which have the most adverse effect. First of all, though some oil- 
fired stations use cooling towers, the largest are situated mainly in 
estuaries, near refineries, and so use once-through cooling, while 
coal-fired stations are usually sited inland near coal fields (it 
being cheaper to transport electricity than fuel) and hence the 
majority require cooling towers since the supply of water for once- 
through cooling is inadequate. .In 19TT 29 coal-fired stations, 
used once through cooling, while 57 used cooling towers, sometimes 
in conjunction with once through cooling. The corresponding figures 
for the 21 oil- and oil and diesel-fired stations operating in 
that year were 17 and 4 respectively. (336) It is against cooling .towers 
that most complaints concerning the appearance of power stations 
are directed. Then, using a bulkier and dirtier fuel, coal-fired 
stations require a greater area for both storage of the fuel and 
disposal of the wastes. The area needed for fuel storage will 
depend on the number of days reserve supply a station normally keeps 
and the height of the coal piles. Most of the 9 or 10 million 
tonnes of clinker and ash that is produced each year by coal-fired 
power station boilers can be put to contructive use. 85 per cent
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is in the form of a fine powder which results from burning the coal
in a pulverised form. This can be converted into bricks, cement and
light-weight aggregates which accounts for 60 per cent of all
pulverised fuel ash(p.f.a). The remainders which cannot be used because
of transport difficulties*is used as load-bearing fill, or for the
restoration of brick pits and other dereliction. Any that may be
left over is disposed of in lagoons, on spoil tips, or at sea. Apart
from p,f,a, the rest of the waste is coarse clinker or furnace
bottom ash for which there has always been a steady commercial market, (333,334)
The primary determinant of the amount of solid waste formed is the
quality, and in particular the ash content, of the coal.
Although coal fired stations tend to have more impact on the 
land in physical terms than oil-fired ones, in certain locations, 
such as the coalfields of the East Midlands and Yorkshire from 
which two-thirds of the coal to be used for electricity generation 
comes and upon which some of the larger coal-fired stations are 
sited, the power stations may not have an unduly adverse effect 
upon an already bleak landscape. Coastal or estuarine oil-fired 
stations on the other hand may be more aesthetically objectionable 
within the context of their environment unless it is already fairly 
industrialised. Thus it is impossible to generalise and each 
case must be judged separately,
2. Thermal Pollution
,2.1 Introduction
The proportion of energy released by fossil fuel combustion 
that can be converted to electricity is limited in theory by the 
second law of thermo-dynamics and in practice by the properties of 
the materials available to build the plant. For the steam condensing 
cycle used in most stations no more than 40 per cent of the 
energy of the fuel can be converted to electricity/*
*In 1977/78 the station with the highest efficiency was the 920MW 
coal-fired station Rugeley B which achieved 35,27% efficiency. The 
highest oil-fired efficiency was 35,15% attained at the 2000MW station 
at Fawley, Efficiencies tend to be higher for large than small stations
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In order to condense the steam after it has been passed through the 
turbines over half of the total heat energy available in the steam 
is transferred to cooling water. However although the average 
thermal efficiency of oil- and coal-fired stations is roughly the 
same at around 30 per cent, and hence the overall amount of thermal 
pollution the same for both, the two tend to dissipate their waste 
heat in different ways, oil-fired stations usually using a once- 
through cooling system, and coal-fired stations, often using 
cooling towers, which recycle most of the cooling water and use only 
a fraction of the amount used in direct once-through cooling,
2,2 Once through cooling
For direct one-through cooling a 2000MW station requires up 
to 225 million litres of water an hour, which is more than the 
typical freshwater flow of the Thames at Teddington, (333) The water 
is taken from the sea, passed through the turbine house and returned 
to the sea heated 10"^ C above, the intake temperature to 
rarely more than 30 C^, The.warm water flows in a thin layer 
on the sea surface, dissipating its heat by evaporation and conduction 
to the atmosphere, (142) Though it has been claimed that such heated 
discharges can have an adverse effect upon marine life, for example 
by altering the metabolic and reproductive functions of fish, (142) 
experiments upon which such claims are based are performed in laboratories 
and take no account of the mobility of fish. Furthermore many of 
the studies of the effects of thermal pollution upon the aquatic 
environment are applicable only to the U,S, where they are performed 
and where lakes and rivers are used for once-through cooling, and 
are more vunerable than the sea, (222) In one case in the US the alleged 
adverse effects of heated water discharged into the Atlantic by 
Seabrook power station on fish, which prompted a suspension of the 
construction of that station were, upon investigation by the 
Environmental Protection Agency» shown to be non-existent, (396) Studies 
in the U,K, by the C,E.G,B, of cooling water discharges to the sea 
have revealed no ill-effects, apart from in an area extending a 
few tens of metres around the actual point of discharge. Surveys
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before and after the commissioning of stations sited on the coast 
have established that any effects are generally small compared with 
those due to the sun, wind and tides. In fact the warm water may 
even promote the growth and welfare of some species and could be 
used for fish farming, as well as horticulture and sewage treatment, (211)
Although cooling water discharges to the sea present no 
ecological problems at the moment, the situation could change in 
the future if there is a large increase in generating capacity based 
primarily on nuclear stations, A scarcity of suitable coastal 
sites coupled with increased capacity requirements could lead to 
power stations being grouped together in concentrations of generation 
of 10 GW or more, with correspondingly larger and more concentrated 
heat discharges. Even then, however, mathematical models developed 
by the CEGB to predict the effect of these concentrations of 
generating power suggest that the artificially induced temperature 
variations are likely to be masked by the natural ones, and the 
robust naturejof the marine ecology around U.K. coasts and estuaries 
could accommodate these thermal inputs, (211) A greater problem would 
probably be the technical one of avoiding recirculation of the warmed 
water back to the power station intake,
2.3 Cooling Towers
Studies of cooling towers have revealed that their physical 
effect upon the environment is also minimal. The U,K, has more 
experience of cooling towers than any other country and over 300 
are in operation today, (198) With these the cooling water is pumped 
to a height of 12 metres and flows down through a heat exchange 
packing. About a third of the heat is lost by conduction to the 
cold air passing up the tower while the remaining two-thirds is 
absorbed as latent heat in evaporating Iper cent of the water.
The remaining 99 per cent is returned to the cooling tower pond for 
re-use. The 1 per cent of the water lost by evaporation, together 
with a further 2 per cent which is drawn off from the cooling tower 
ponds as purge water to control the concentration of dissolved and 
suspended solids, must be made up from a local river. Though this
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represents only a fraction of the amount of water needed in a-.once- 
through process, a 2000MW station served by cooling towers still 
consumes l6U million litres of water a day. For this reason even 
when the water is recycled through cooling towers, available 
freshwater resources are barely sufficient and the past fifteen 
years have seen a trend towards directly-cooled stations, which now 
account for 29 gigawatts of the capacity installed or under construction.
Typically a 2000MW station discharges from its cooling waters 
3000MW to the air and 50MW to the river', (198) The purge water returned 
to the river is taken from the bottom of the cooling ponds and is 
6 - 10° C above ambient river temperatures. Investigations
of rivers, particularly the Severn and Trent,have shown only minor 
effects in populations of individual species that could be 
attributed to the heated discharge, (211) The temperature-induced 
deoxygenation of this water is more than compensated by the reoxygenation 
it undergoes during passage through the cooling tower, (233) As for the 
effects the heat and water vapour plumes released by cooling towers 
to the atmosphere might have on the local climate, despite the contrary 
predictions of some theoretical models, (265) there is no evidence of changes 
in normal rainfall, hours of sunshine or incidence of morning fog, (213) 
though if the droplet eliminators in the tower are not operating 
efficiently there may be some fall-out of water from the plume, (169) 
and the water vapour and heat from the cooling tower may induce the 
formation of cumulus clouds, (123) In Japan cooling towers cannot be used 
because of the high humidity, (274) All in all, however, complaints against 
cooling towers nearly always relate to their visual impact, and any 
other effects there may be go unnoticed, (265)
2,4 Global Effects
Thus whatever form of cooling is used thermal pollution from 
fossil fired power plants does not constitute a problem for the local 
environment.
In a wider perspective it has been suggested that there is an 
ultimate limit on the amount of waste heat given off during the
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processes of energy generation imposed by the capacity of the world 
to absorb it without undergoing potentially disastrous climatic changes 
(205).' Certainly the temperature of some conurbations may be 
raised substantially above that of the surrounding area by the 
huge amount of heat dissipated in them. But as far as global heating 
is concerned, if a limit does exist, there is no evidence that we 
are anywhere near it, and only by relying more heavily on equilibrium 
or renewable sources of energy which do not affect the heat balance 
of the earth, and cutting down on the use of combustion and fission 
sources^  could we slow .down our approach to it.
3 Water Pollution
Most water pollution from power stations occurs on an intermittent 
basis, either regularly from operations such as boiler blowdown and 
equipment cleaning operations, or at intervals dictated by unpredictable 
occurrences, as with the leaching by rain of solid waste 'piles or the 
overflow of settling ponds. The frequency of discharge and volume 
of some water pollution from power stations is the same whether 
the station is oil- or coal-fired. This is the case for example 
with wastes from boiler feedwater treatment, boiler blowdown operations 
and much of the equipment cleaning. However, apart from spillages 
of fuel oil into estuaries and waterways which may occur during 
handling of the fuel in oil-fired stations, coal-fired stations 
generally give rise to more water pollution than oil-fired ones.
Water containing suspended and dissolved solids may be discharged 
from ash handling systems and there is run-off from ash and coal 
piles. Ash added to water results immediately in a reduction of 
the pH and dissolved oxygen. Runoff from coal piles also has a low 
pH, and a high concentration of dissolved solids. The ash will contain 
those trace elements originally in the coal which have not gone up 
the stack and these can be leached out. But there is no evidence 
that the concentrations of these elements in the waste-waters are 
dangerously high, and» anyifay^  the amount of water pollution of this 
form is not great and it can be collected if drainage systems are 
installed and then treated by Sedimentation and neutralisation, (94)
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4____ Particulate Air Pollution
4.1 Introduction
Particulate emissions from power stations occur as smoke, dust 
grit and ash. Smoke arises from incomplete combustion of the fuel 
and consists of unburnt carbon and other fragments of the original 
fuel molecules. Dust and grit are particles of mineral impurities 
in the fuel which»having been emitted, fall out under their own 
weight. In boilers employing atomised oil and pulverised coal 
burners much of the ash from the burnt fuel is carried to the stack( 84,85,^^^’)
Apart from emissions from the combustion of the fuel, there may 
be dust blowing from coad and ash handling and storage. In the 
absence of measurements it is very difficult to calculate how great 
these emissions will be, but they are unlikely to be large and can 
be reduced by covering as much of the plant as possible, or, in the 
case of coal stocks, careful layering and compaction of the coal.
All coal- and most oil-fired power stations are fitted with 
some kind of dust arrestor - coal-fired stations usually with electro­
static precipitators and oil-fired stations with cyclonic grit 
arrestors - which remove from the flue gases the bulk of particulates 
( 293). Particulate emissions from coal-fired stations, potentially 
the largest single industrial source of particulates, have been reduced 
from over a million tonnes in 1958 to 170,000 tonnes in 197^  ( 321).
However, although some arrestment plant removes over 99 per cent by 
weight of the particulates, a significant proportion numerically escapes.
For example 99.7 per cent removal by mass corresponds to only 30 per 
cent by number, those escaping collection usually being less than 3 
microns in diameter ( 94 ).
k.2 Organic Particulates
The nature and amounts of particulate emissions will depend on 
the type and quality of the fuel burnt - a consideration over which 
the CEGB may have little control - and the kind of combustion process 
employed. Carbon can escape the flame zone either as coke, which 
consists of the carbonised residue of individual oil droplets or
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coal particles after the more volatile fraction has evaporated and 
particles of which may be up to 100 microns in diameter, or as soot 
which is produced by thermal decomposition of the hydrocarbon vapour 
and particles of which are less than a tenth of a micron in diameter.
In coal-fired boilers unburnt carbon tends to be swamped by the 
much greater quantities of mineral ash and is largely removed with the 
ash in the precipitation plant. With oil firing, however, carbon 
constitutes the major part of the solids emissions. This not only 
because oil has a far smaller mineral content, but also because 
residual fuel oil may contain ten per cent or more of hydrocarbons 
with very high molecular weight (greater than 1000), including 
molecules called asphaltenes which have large polycyclic structures 
and are less easy to burn than the lighter hydrocarbons, probably 
being responsible for the larger carbon particles in the flue gases.
Some of the coke particles may become collection surfaces and condensation 
nuclei .for other carbon residues and for many of the trace elements 
volatile enough to have been vapourised by the flame, (182) Moreover some 
of these carbonaceous particles become impregnated with sulphuric 
acid by being deposited on the inside of the stack which has been 
wetted with the acid (itself formed from the main impurity in the 
fuel: sulphur), and then flake off to be re-entrained in the gas
stream and emitted as acid smuts,(182) These acid smuts can cause annoyance 
in the immediate neighbourhood, discolouring paintwork and textiles.
Since many of the responsible particles are formed by agglomeration 
in the stack itself dust arrestment plant is not a solution and only 
supplementary heating of the stack to above the critical temperature 
of 145 degrees centigrade below which the acid smuts form will solve 
the problem (294). Apart from this however, because of the high 
efficiency of combustion in power station boilers, smoke‘emissions 
from power stations are not a problem, and.little smoke is produced 
other than when boilers are started up or malfunction. Indeed smoke 
emissions from coal combustion in all industrial sources have been 
dramatically reduced from 1,04 to 0,04 million tonnes between 1955 
and 1975 and are now insignificant compared with those from domestic 
sources which have themselves been reduced from 1,31 to 0,35 million 
tonnes over the same period, (343)
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4 o 3 'Inorganic Particulates
Although oil-fired stations emit more in the way of carbonaceous 
materials than coal-fired ones, coal-fired stations emit far more 
particulates overall because of the greater percentage of mineral 
impurities in the fuel. Tomany estimated that coal-fired stations 
emit ten times the amount of particulates per kW of electricity 
generated that oil-fired stations do,(95) According to the CEGB a 
2000MW coal-fired station operating round the clock would consume 
22,000 tonnes of coal and emit 10 to 15 tonnes of particulates per 
day,(182)
While residual fuel oil contains 0,1 to 0,4 per cent mineral 
content (mostly a dispersion of fine clay-like materials such as 
silicates of calcium, aluminium, sodium and potassium; particles 
of sea salt minerals - mainly sodium chloride; and various organic 
compounds containing sodium, vanadium, nickel chromium and manganese), 
power station coal can contain between 10 and 20 per cent by weight 
of mineral matter. The main constituents are (apart from the sulphur 
which has already been dealt with, and the nitrogen, which will be) 
silicon, iron, aluminium, calcium and potassium, but coal can contain 
trace quantities of almost every naturally occurring element and radio­
isotope (182). Hence the much quoted claim that coal-fired stations 
emit more (up to 400 times as much) radioactivity than nuclear power 
stations,(218 )* "Depending on the type of coal the concentrations of 
the trace elements can vary by a factor of 10', (95) although they usually 
occur in roughly the same proportions as they occur in the natural 
environment from which the coal is derived. An analysis of a typical 
power station coal containing 15 per cent by weight of mineral matter 
is given in table X.2, along with a typical analysis of a power 
station fuel oil.
On combustion most of the gaseous elements, together with 
chlorine and bromine compounds and mercury» are discharged with the waste 
gases (315)^  The remaining elements form the solid compounds which 
constitute the ash. Of the fraction of a per cent of the ash which 
escapes through the stack the main constituents will be glass like 
particles of the oxides of silicon, calcium, aluminium and iron,
* However the radioactivity is of a different sort leading to (contd)
TABLE X. 2
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IMPURITIES’ IN COAL AND OIL
(parts per million by weight)
Impurity Coal Oil
Sulphur 15,000 20,000
Nitrogen 12,000 1,500
Silicon 26,000 300
Vanadium 145 150
Iron 13,200 100
Nickel 25 50
Calcium 9,500 100
Potassium 2,300 50
Aluminium 25,500 75
Sodium 1,470 50
Chlorine 3,400 25
Magnesium 3,700 12
Zinc 60 4
Phosphorus 1,000 4
Chromium 60 3
Cobalt 47 3
Manganese 85 2,5
Copper 130 2,5
Lead 50 2
Selenium 7 1
Cadmium 3 0,2
Antimony 2 0,02
Arsenic 10 0,01
Mercury 0,3 0,01
(Contd,)
exposure of the bones and lungs while nuclear power station 
radioactivity leads to whole body exposure
236
Adhering to these particles, and adsorbed onto the surface of any 
unburnt carbon which escapes, are minute amounts of inorganic salts 
and oxides formed from the other elements in the ash ( 182). Relative 
to the contents of the unburnt coal there will be a slightly enhanced 
proportion of the more volatile elements such as antimony, arsenic, 
cadmium, lead, selenium and zinc ( 315). Since the rate of adsorbtion 
is linearly proportional to the exposed surface area,the highest 
concentration of trace element compounds will occur in the smallest 
particulates which have the greatest ratio of surface area to volume, 
and are also the most likely to escape collection.
h,k Effects
Those particulates which do escape from the stack, being the 
smallest, are those most capable of penetrating the respiratory 
system. Moreover fly ash has recently been implicated as a carcinogen, 
and polycylic organic matter, which is also emitted by power stations 
in small quantities, is a known carcinogen ( 150). However, small 
particulates tend to be dispersed from tall stacks in much the same way 
that gases are so that they contribute negligibly to ground level 
concentrations which, as with SO^ , will be determined primarily by 
domestic emissions. Hence, although trace elements may catalyse in-plume 
reactions , these emissions are all diluted to concentrations far
below those which are toxicologically or otherwise significant. For the 
same reason none of the other costs sometimes attributed to particulate 
air pollution, which include the soiling of materials, corrosion of 
metals through galvanic action, damage to vegetation through coating of 
the leaves or interference with stomatal action, or, in conjunction with 
SOg, damage to health, can be blamed on power stations ( 80,340,353).
Nevertheless, over 90 per cent of complaints against power 
stations - the number of complaints a year between I965 and 19T^  
varied between 29 and k9 - investigated by the Alkali Inspectorate 
were provoked by particulate emissions. But these were mainly caused 
by breakdown of plant, particularly dust collecting plant. And 
those particulates which do fall out locally are the heavier ones and 
are too big to penetrate the respiratory system, so while a nuisance 
they are no health hazard (325 ).
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However although power station emissions cannot be implicated 
in the usual effects attributed to particulates,it is conceivable 
that, by virtue of the fact that they are emitted at a high level 
and are therefore likely to have longer residence times in the 
atmosphere than lower level emissions, they could play a special role 
in effects which particulates have been speculated to have on 
climate. It used to be thought that anthropogenic particulate emissions 
were insignificant when compared with,(100) or at worst on a par with (93), 
natural sources of particulates such as fine sand, soil particles, 
pollen, bacteria, dried salts from ocean spray and water droplets.
However recent measurements taken in sparsely populated areas have 
indicated that, on the contrary, anthropogenic emissions are the 
dominant source. These particulates could act as nuclei upon which 
the water droplets of clouds condense, but the whole process is still 
very speculative. (128)
This new evidence on the relative contributions of natural 
and anthropogenic sources to the particulate loading of the atmosphere 
could have important consequences with regard to a still wider and 
still more speculative effect. It has been suggested that by 
reflecting incoming solar radiation particulates could cause a cooling of the 
earth(246). . However there is no evidence for this, and at the 
moment, as far as man*s influence on the global climate is concerned 
there is more concern over the potential effects of carbon dioxide 
emissions, for which the combustion of fossil fuels is undoubtedly the 
major source,
5 Nitrogen Oxides
After SO^ -the greatest pollutants emitted by weight per kilowatt
of electricity generated from power stations are the oxides of nitrogen
NO and N0_ (collectively referred to as NO ), NO from power stations I X Xis formed in the flame zone by the combination of atmospheric oxygen 
and nitrogen and by the oxidation of the Î* or 2 per cent of chemically
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combined nitrogen In the fuel, in an amount determined by the 
temperature distribution in the boiler and the amount of excess air. 
Hence it is by modification of the combustion conditions, principally 
stoichiometric fuel-air variations to reduce the amount of excess 
oxygen and flue gas recirculation which reduces the temperature, that 
NO^ emissions may be controlled, although because two processes are 
involved in the formation of the NO .the NO content of the flue gasesx' X ®is not related in a simple way to the stoichiometry of the combustion 
process or the nitrogen contënt of the fuel, (94,156,355,362).
The amounts of NO^ emitted by combustion of coal, oil and 
gas. can vary widely, reflecting a wide variation in the conditions 
of combustion. Various estimates of the weight of NO^ emitted and 
the concentration of NO^ in the flue gases are;
Source
Ref
156
362
355
22
85
TABLE X. 3
Tonne of NOx emitted per MWh electricty generated
Coal
0,0031
0.0042
0.0024-0.0077
0.0032
Oil
0.002
0.0041
0.0014-0.0028
0.0029
Concentration NOx in flue gas, in ppm
Coal Oil
100 - 1460 180-900 (NO only)
200 - 1400 110-800
Generally ten times as much NO as NO^  is emitted to the atmosphere 
from fossil fuel combustion. Though some oxidation of NO to NO^  takes 
place in the plume this conversion becomes more efficient as NO is 
dispersed into the atmosphere. The principal mechanism is the 
oxidation by ozone: NO + 0^  = NO^ + 0^ , (156,245) Once emitted NO and NO^
may be removed from the atmosphere by absorption by vegetation and 
soil, and NO^  by water bodies (NO being rather insoluble)^  but the 
major sink for NO^  (and NO which has been converted into NO^ ) is its 
dissolution in cloud and rain droplets with subsequent removal by 
precipitation. Different schemes for the hydrolysis of NO^  have been
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proposed, but in each HNO^  is formed and absorbed into hygroscopic 
particles or reacts with atmospheric to form nitrate salt 
aerosols which are removed by precipitation or, if vapourisation of 
the droplet occurs, by dry deposition. The residence time for NO and 
NOg is about five days ( 245).
Power station emissions in the UK account for nearly half 
of all the NO^ emissions in the country. In 1970 they contributed 
0.6 million tonnes to the total of 1.U2 million tonnes emitted that 
year. The other sources are mainly low level and comprise transport 
(0.27 mt), domestic sources (0.68 mt) and commercial, public service 
and other industries (0.52 mt) (156). Though on a global scale 
anthropogenic emissions of NO^ , estimated at 50 million tonnes a year, 
are dwaffed by natural.sources estimates of which vary from 500-760 
million tonnes annually (2^ 5),
as with other pollutants, it is likely that in densely populated and 
industrialised countries, such as the UK, anthropogenic sources do 
constitute a far higher proportion of the total than they do globally. 
Indeed anthropogenic emissions can cause significant local concentrations, 
and urban concentrations can commonly be 10 to 100 times as high as 
non-urban background ones (85,156,).
Once again, however, power station emissions will not contribute 
significantly to urban NO^ concentrations because they are emitted from • 
tall stacks and usually away from urban centres. Moreover, even at 
the high concentrations found in towns there is little evidence of 
adverse effects, although NO have been far less studied than 80^  
and much research remains to be done. The worst effects of NO^ pollution 
are those arising from the part they play in photochemical smog 
formation and must therefore be wholly attributed to vehicle exhausts. 
There is also some evidence that long-term exposure to the levels of 
NOg found in some US cities can cause a greater incidence of acute 
bronchitis among adults (368). The worst effect on materials seems 
to be the fading of some textile dyes.
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At the lower concentrations of NO^ found in rural areas to 
which power station emissions may make a more significant contribution, 
there is some evidence that damage caused to plants by low levels of 
SOg may be far greater when NOg is present ( 121). Power station NO^  
emissions may also contribute to the acidity of acid rain. In the 
US analysis of rainfall indicates that about 25 per cent of the acidity 
results from nitric acid with the rest coming mostly from sulphuric 
acid. Moreover, the rate of increase of the nitric acid component 
appears to have been more rapid than that of the sulphuric acid and 
parallels the increased emission of NO^ from fossil fuel combustion. (202)
6 COq (Carbon Dioxide)
Whereas the amounts of most gaseous pollutants produced by 
fossil fuel combustion are far exceeded by, or at most on a par with, 
emissions from natural sources, fossil fuel combustion could be the 
dominant source of carbon dioxide (CO^ ) emissions.
It is only recently that CO^  has been considered a pollutant. 
This is largely because of the prediction of various theoretical 
models that a doubling of COg concentrations,which at the present 
rate of growth of fossil fuel combustion could occur within 50 years, 
might lead to an increase in the earth's temperature of 2 to 3 degrees 
centigrade ( 21^ . Such models have been criticised as simplistic (155) 
and much remains to be established about the link between CO^  
concentrations and climate. It is not even clear whether a global 
heating, were it to occur, would be a bad thing (l77). Nevertheless, 
it does appear that the rise in CO^  concentrations is the most important 
impact of man on the climate. A report on energy and climate by the US 
National Academy of Sciences identified the climatic effects of the 
release of carbon dioxide as "the primary limiting factor on energy 
production from fossil fuels,** and was followed by the establishment of 
an Office of Carbon Dioxide Effects Research within the US Department 
of Energy (114). At a workshop organised by the IIASA it was concluded 
that research is needed to see whether a major change to energy policies 
that can be more responsive to the CO^  problem than is continued 
reliance on abundant and inexpensive fossil fuels" is justified (278).
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However, even if CO^  emitted from fossil fuel combustion 
does prove to have detrimental climatic effects it is not a foregone 
conclusion that fossil fuel combustion will have to be limited.
Controls such as flue-gas scrubbing to remove 00^  and then storing 
it in solution or solid compounds are not inconceivable. It is just 
that no effort has yet been devoted to exploring such possibilities 
so recent is the realisation of the potential threat and uncertain 
its proportions,
T Rare Serious Accidents
According to the Health and Safety Commission the one area 
where conditions exist for an incident in which a large number of 
deaths could occur is the bulk storage of liquid chlorine used for 
water treatment at power stations. Though an extremely remote 
possibility, the total and immediate loss of the contents of a 
full 90 tonne tank of chlorine could release a cloud of gas 
for tens of kilometers in stable weather conditions and killing a 
thousand people or more.(310).
8 Conclusion
With the exception of a highly unlikely sudden release of a large
amount of chlorine from a power station, the dangers to the external
environment from the generation of electricity arise from routine
pollution, particularly air pollution. However, these dangers are not
great. The two air pollutants emitted in the greatest quantity and
known to be harmful under certain circumstances are oxides of nitrogen
and particulates. However, most of the particulates emitted from power
stations are collected before reaching the atmosphere. Those which escape
collection are the smallest - so small in fact that they behave like
gases - and by analogy with SO^  emissions are rendered inoffensive by
their dispersal from tall stacks, as are NOx emissions. • Thus power
station particulate emission cannot be implicated in the uncertain
part played by low level particulate emissions in harming health in association
with SO^ . As for the known adverse affects of NOx these are mainly from
automobile emissions and so power station NOx emission likewise has
yet to be proven to be harmful. The worst effects of (Non-SO^ ) power
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station air pollution are of a purely local and amenity nature and 
relate to the emissions of particulates which occur when plant breaks 
down (or starts up ). The problem is worst for coal, which has 
a far higher mineral content than oil and thus emits more in the way 
of particulates. However, oil fired electricity generation presents 
the particular problem of acid smuts - also one of local amenity.
As with SO2, coal and oil emit very similar amounts of NOx per unit 
of electricity generated.
The other environmental effects of the electricity industry are 
also predominantly of amenity (claims of adverse ecological effects 
of thermal pollution both from once through cooling and cooling towers 
have yet to be substantiated in the UK, and also relate either to 
amenity or a localised aquatic environment) and again the worst, 
such as the impact of the transmission network, are common to both 
coal and oil. Where there is a difference, coal usually comes off 
worst. Coal-fired stations, for example, are more likely than oil- 
fired ones to use cooling towers - often the most visually obtrusive 
feature of a power station - and generate more in the way of solid 
wastes, as well as occupy more space because of fuel storage 
requirements.
2k3
CONCLUSIONS
A brief review of UK fuel policy reveals that it has been 
influenced little by environmental considerations in the 
past. Indeed, it is questionable whether there has been any 
policy at all relating to fuel. Admittedly, environmental 
considerations, through laws such as the Clean Air and Town 
and Country Planning Acts, have affected energy-related 
developments, whether coal mines, oil rigs and terminals, 
or power stations, in an ad-hoc, rather haphazard manner, 
delaying their completion, and adding to their cost. But 
where environmental considerations have seriously conflicted 
with, or threatened the objectives of fuel policy, the latter 
have always taken precedence in the UK, as in countries with 
supposedly harsher environmental regulations. Fuel policy 
has been dominated by other considerations such as maintaining 
security of supply, and the problem of matching supply with 
demand. Fear of a possible "energy gap", whether justified 
or not, seems to outweigh all fears of the possible 
environmental consequences of trying to bridge that gap. In
the North Sea, for example, though environmental considerations 
might slightly slow down the development of oil, its rate of
exploitation is likely to be far more influenced by the 
Government's depletion policy.
In fact, a critical survey of what is known about the 
environmental effects of the coal and oil fuel cycles which 
result in the generation of electricity in the UK provides a 
retrospective vindication for their lack of past influence or 
fuel policy.
Overall, the known environmental effects of the industries 
concerned are shown to be very small in economic terms, and 
hence the difference between the coal- and oil-fired electricity 
fuel cycles is hardly such that it can be a major policy 
det erminant.
Air pollution from the generation of electricity, whether by 
coal or oil, proves, upon investigation, to cause insignificant 
damage to the environment. Sulphur dioxide, the most extensively 
studied of the air pollutants generated by fossil fuel combustion 
and thought to be the most damaging, causes no significant
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ill-effects in the UK when emitted from the tall stacks of 
power stations, since it is dispersed effectively into the 
atmosphere, and contributes negligibly to ground level 
concentrations. The only specific effect with which power 
station sulphur dioxide emissions may possibly be linked, 
which could have significant policy implications, requiring 
the suppression of emissions rather than their dispersal and 
thus adding considerably to the cost of electricity generation, 
is that of acid rains resulting from the long range transport 
of these emissions. But this remains to be firmly established, 
and even if the UK were clearly implicated in the acid rains 
which fall in Scandinavia, there would still be the problem of 
achieving the internalisation of an international externality.
Where above-normal ground level sulphur dioxide concen­
trations do exist in the UK, these, and hence the damage for 
which they are responsible, can be entirely attributed to 
domestic and low-level industrial emissions. Moreover, the 
most pessimistic estimates of total air pollution damage from 
all sources (high and low level) and for all pollutants known 
to cause damage (particulates, fluorine etc, as well as sulphur 
dioxide) still amount to less than 2% of GNP, so even if the 
costs of power station sulphur dioxide emissions have been 
underestimated, they are still unlikely to be very high.
Whatever the costs of the damage caused by power station 
sulphur dioxide emissions, there is little to choose between 
coal and oil in terms of their emissions per unit of electricity 
generated. However, were power station sulphur dioxide emissions 
ever found to have adverse environmental effects which could 
only be mitigated by prevention of these emissions, oil would 
assume the clear environmental advantage of being more easily 
and cheaply desulphurised.
By analogy with power station sulphur dioxide emissions, 
other less extensively studied and less well understood air 
pollutants from the generation of electricity, particularly 
oxides of nitrogen and small particulates which manage to 
escape collection by dust arrestment equipment, will also be 
rendered environmentally innocuous by virtue of being widely 
dispersed from tall stacks. Likewise, even if this were not 
the case, there is no evidence that these pollutants on their 
own cause a great deal of damage where they do build up to the
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highest concentrations sometimes encountered in UK cities, 
though there is some evidence that at these concentrations 
particulates in association with sulphur dioxide have adverse 
health effects. The only adverse effects which can he attributed 
directly to power station particulate emissions relate entirely 
to local amenity and usually only occur when dust arrestment 
plant breaks down and the large particles which would normally 
be collected by it are released and fall out in the neighbour­
hood.
For these other (non-SO^) air pollutants, in purely 
volumetric terms, coal is the worst offender, for although coal 
and oil emit similar amounts of oxides of nitrogen per unit of 
electricity generated, coal emits more in the way of particulates, 
despite a spectacular reduction in particulate emissions from 
coal fired power plants over t'he past two decades. Thus, in so 
far as these emissions have any adverse effects, coal must be 
considered the more damaging. However, a straight comparison 
between the two is complicated' by the fact that the particulate 
emissions from coal and oil combustion are of a fundamentally 
different nature with oil emissions being predominantly of an 
organic and carbonaceous type, whilst those of coal are 
dominated by inorganic, mineral constituents. Thus, with oil, 
the particularly irksome problem of acid smut emissions may 
somewhat redress the balance.
Though air pollution from electricity generation cannot 
therefore be ascribed high damage costs, it is commonly held to 
be the worst environmental effect of electricity generation.
Most other environmental effects of power stations relate purely 
to amenity and do not have the physical and biological 
dimensions of air pollution effects. The worst of these other 
effects, such as the impact on the land' caused by the electricity 
transmission network, are common to both coal- and oil-fired 
stations. However, where there is a difference, again it is 
usually coal which comes off the worse. Thus, there is a 
greater tendency for coal-fired stations to require cooling 
towers, the most visually obtrusive aspect of many power stations, 
as opposed to the once-through cooling used more often by oil- 
fired stations, and coal-fired stations require more in the way 
of space for both storing the fuel and dumping the wastes.
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Overall, however, as far as the actual generation of electricity 
is concerned, there does not appear to be a great deal of 
difference between the environmental effects of coal and oil, 
which in both cases appear anyway to be small in economic 
terms. The proven environmental damage costs of the industries 
responsible for extracting coal and oil in the UK are also 
smallj-but there is a greater basic difference in the nature of 
these effects which renders any comparison of this aspect of 
the two fuel cycles more difficult than in the case of electricity 
generation.
Though oil spills at sea are often claimed to have the 
potential for causing, and are sometimes actually credited with 
having caused, widespread ecological damage to fish, birds 
and the marine and littoral environmental in general, and having 
serious economic repercussions on the fishing and tourist 
industries, such claims have yet to be substantiated . Where 
ecological damage has been caused by oil pollution, it has been 
of a highly localised, and non-economic nature and all the 
remaining effects of such pollution relate purely to amenity. 
Likewise, the effects of the coal industry upon the external 
environment - the spoil heaps, and general physical presence 
of the industry —relate mainly to amenity.
However, though the impacts of both industries are 
predominantly upon amenity, the amenity effects involved are 
of a very different nature. Those of the land-based coal 
industry are more directly upon people than those of the off­
shore oil industry, which mainly affects the natural, coastal 
environment. Thus, in order to compare the two one has to 
weigh intangibles such as the visual effect of spoil heaps 
against those such as a threat to a rare bird species. More 
than this, any comparison between the two is further complicated 
by more fundamental differences between both the kinds of 
effects involved, and the nature of the knowledge itself about 
these effects. The effects of the long established coal 
industry are well defined and understood. The physical 
parameters involved, such as solid waste and subsidence, are 
simply and predictably related to the level of activity of the 
industry. The difficulty in evaluating these effects arises
247
purely because they are of subjective, amenity nature. In the 
case of the oil industry, however, not only are there many 
effects which are of an amenity nature, but with its worst 
potential effect, that of a large oil spill at sea, neither 
the likely level of pollution nor the physical and biological 
effects of pollution are well understood. Unlike the routine 
pollution which accounts for most of the environmental effects 
of the coal and fossil fired electricity industries, a large 
oil spill is an infrequent event of an intrinsically 
probabilistic nature . In this respect it is more akin to an 
"event" at a nuclear power station . As with a nuclear
incident, because the essentially unpredictable part played 
by human error can never be totally eliminated, and because 
in a young industry there is lack of experience and precedent, 
the likelihood of such an event is impossible to precisely 
define. Moreover, should an event occur, Its effects are 
difficult to predict because of lack of precedent. It is for 
this reason that, although no evidence has yet been found for 
high environmental damage costs in the oil industry, claims that 
they could conceivably be incurred, cannot be easily refuted.
As always it is more difficult to prove that something can never 
happen than that it can.
Whatever the precise cost of pollution caused by the energy 
industries in the UK, examination of the law relating to pollution 
shows that, even if the optimal level of control cannot be 
precisely identified, because of lack of information on the 
effects of the pollution, in so far as these costs are known 
adequate facilities exist and operate for their internalisation , 
Where they are unknown the law is sufficiently flexible to 
accommodate the uncertainties and where they are of an intangible 
amenity nature the law also provides sufficient scope for their 
consideration. Thus, where the proven economic costs are low 
it is often because they have already been internalised, as 
have power station air pollution emissions with the tall stack 
policy. In the North Sea, the high limits of liability would 
accommodate most conceivable disasters. And in the present 
planning system inquiries are often dominated by intangible, 
amenity considerations. Moreover, as the economic theory of
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pollution control prescribes (although it has more of a moral 
than an economic justification) the "polluter pays principle" 
generally operates. This is not to say, however, that the 
system is perfect. Though provisions for the internalisation 
of externalities exist, they would be useless if not administered 
and enforced adequately. In this respect there are some grounds 
for complaints from certain pressure groups and authors that 
more use of the facilities provided by the law could be made, 
and that pollution authorities, particularly the Alkali 
Inspectorate, are sometimes lax in pursuing pollution, part of 
the reason being their lack of public accountability. By and 
large, however, the system does work well, and its recent 
general endorsement by the Royal Commission on Environmental 
Pollution is well justified.
Though a survey of the environmental effects of the coal and 
oil fuel cycles which result in the generation of electricity 
invites comparison between the two, such a comparison, in so 
far as it is possible, loses some of its pertinence and validity 
when viewed within the wider context of energy policy. So 
immediate and vital is the importance of the oil industry 
to the UK economy, that it is hardly likely that even the worst 
conceivable pollution incident would seriously threaten its 
development. The different time horizons of the two industries 
further renders comparison of the two redundant. Since the oil 
industry is a relatively short-term proposition, as long as 
they are not irreversible, its environmental effects will be 
short lived. It would be more consistent, therefore, to 
compare the longer lasting environmental effects of the coal 
and nuclear industries, which at the moment look like being 
the mainstays of UK energy supply in the longer term future, 
when the oil has run out. Indeed, one of the major objections 
raised to the nuclear industry is that its environmental effects 
will far outlast even those of the coal industry.
However, though a comparison of the environmental effects 
of the coal- and oil-fired electricity fuel cycles may not be 
particularly pertinent from a policy point of view, it does 
throw up several important points in general about comparisons 
of the environmental effects of different energy industries, 
and the.compatability of the economic theory relating to 
pollution with the scientific reality of what is known about
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the effect s, which would he highly relevant to a coal versus 
nuclear comparison.
Firstly, though the known, proven and evaluable effects of 
energy industry pollution are small, these represent only a 
small minority of all the effects to which these industries 
give rise. Most of the environmental effects of the energy 
industries cannot be precisely evaluated in economic terms, 
either because they are of a basically non-economic amenity 
nature and require a subjective evaluation, or, if they are 
of a more concrete nature, because their effects have not been, 
or cannot be, accurately scientifically determined. Those few 
estimates of the cost of pollution which do exist usually apply 
to very specific situations and particular levels of pollution - 
very few damage functions, relating the damage to the level of 
pollution, exist - and have attached to them large margins of 
error. This lack of scientific understanding is hardly 
surprising when one considers the many complications involved 
in assessing the damage attributable to a particular source.
Firstly one has to determine the contribution of the source in 
which one is interested to the overall levels of the pollutant 
which may result from both natural and other anthropogenic 
sources. This can often require extensive "baseline" studies.
Then one has to look at its effects, and in order to do this one 
needs to know the damage function so that the marginal effect
of the source in question can be ascertained. Moreover, this effect
will be highly source- and site-specific, depending on both 
the way in which the pollutant is emitted and the environment
into which it is emitted - in the case of air pollution for
example, the meteorology,the topology and the local susceptible 
targets. On top of this,uncertainty in the energy/environment 
debate attaches not only to the environmental aspects, but also 
pervades energy considerations, particularly the estimation 
of future energy supply and demand, which in turn determines 
the degree to which energy balances can be altered, whether in 
response to environmental pressures or for other reasons.
Even if lack of scientific knowledge and the prevalence of 
subjective and value judgements were not obstacles to evaluating 
the environmental effects, there still remains the problem of 
determining how great a degree of risk is acceptable, and what 
the distribution of risk should be.
250
The absence of scientific understanding and the ubiquity of 
intangible effects in the environmental impacts of the energy 
industries leads to a wide scope for what would in any case be 
a large political influence on the importance attached to the 
effects and hence how to deal with them. The part played by 
political considerations is manifest on both an individual 
level, where it reflects itself in the opposed views of those 
on opposite sides of the "growth/no growth" debate, and on a 
national level, where it can be seen at the roots of differences 
in both estimates of the costs of pollution, originating from 
different countries, and the legal systems for dealing with 
t hos e costs.
Several instances have been encountered in this study where 
the estimates of the damage caused by energy-related pollution 
in the UK differ from those originating from other countries, 
particularly the US, with US estimates consistently exceeding 
those of the UK. Such is the case for US estimates of the effects 
of air pollution and thermal pollution from power plants and the 
public health dangers of coal transport, and for both US and 
Norwegian estimates of the potential damage which could be caused 
by oil pollution at sea. In the case of the Norwegians, there 
is also disagreement with the UK over the preferred method of 
clearing the oil. To some extent these divergences can be 
explained by genuine differences between the situations in the 
disagreeing countries, as can a certain amount of the divergence 
of the air pollution estimates, and the coal transport deaths and 
possibly the cooling tower effects also. To some extent the 
disagreements also express a measure of genuine scientific 
controversy. But even allowing for these., there still remains 
an element of discrepancy which other, less objective influences, 
such as the general national level of environmental consciousness, 
itself largely politically determined, must be invoked to explain.
Where exactly the line between genuine scientific disagreement 
and political differences lies is itself a matter of judgement. 
However, part of the variation in damage cost estimates can be 
explained by the fact that US and other non-UK authors 
consistently show a greater willingness than their UK counter­
parts to either adapt estimates of pollution damages and costs 
derived under different circumstances to the particular situations 
in which they are interested, or to formulate their own
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generalised models. In the first place,however, while the 
original studies usually make explicit the assumptions upon which 
they are based, the circumstances in which they are valid and 
margins of error and uncertainties attached to their final 
estimates, these qualifications restricting the applicability 
of the original studies may often be ignored by those using them, 
who as a result obtain sensationalised results. Perhaps this 
is because original studies of pollution effects which yield 
results of general interest to others working in the field are 
so few in number, and hence so widely cited and used, that they 
assume a validity beyond that intended by the original authors. 
Perhaps it is because the authors of the original studies and those 
who use the results of these studies are experts in different 
fields and there is simply a lack of understanding of true meaning 
of the results derived by the former on the part of the latter, 
or the original results are distorted during passage through 
intermediate parties - a major problem for all interdisciplinary 
work. Or maybe deliberate neglect is responsible. Reasons such 
as these may account for the widespread misinterpretation and the 
absurd degree of extrapolation of the original study on air 
pollution damage performed by Barrett and Waddell in the US for 
example, itself an amalgam of many other "first hand" studies.
In the 2nd place a factor often responsible for over-estimation 
of the effects of pollution - the use of generalised models - 
becomes , if taken to extremes-coincident with the first, for in many 
examples of the unjustified extrapolation of original studies 
the generalised model used is that the effect of a pollutant is 
directly proportional to emissions of that pollutant, 
irrespective of how the pollutant is emitted and into what sort 
of environment, and the original estimate scaled up, or down, 
accordingly. However, at a slightly more sophisticated level 
there are models which do try to take into account the specific 
nature of the dispersion of power station air pollution emissions, 
for example. But even these usually describe hypothetical, 
idealised "reference" situations, and in so doing give a misleading 
picture because they still eliminate the all-important site- 
dependence factor, or use models which still over-simplify the 
issue.
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Such a tendency to generalise and over-simplify in 
assessing the effects of pollution is reflected not only in 
consistently higher estimates of the costs of environmental 
damage, but also in the laws designed to control that damage.
Quite apart from more stringent laws being formulated in 
response to higher perceived costs, as for example with power 
station sulphur dioxide regulations in the US, there is also 
superimposed upon this a fundamentally different approach to 
the law. Thus the approach of the US, and followed by most 
other countries, of setting uniform pollution standards which 
concentrate on emissions, rather than final concentrations, 
contrasts strongly with the more pragmatic UK attitude where 
standards vary according to the situation so that best use can 
be made of the capacity of the environment to absorb the pollutant, 
and the emphasis is on final concentrations rather than emissions. 
Revolving around the concept of best practicable means, the UK 
approach is generally more flexible and more sophisticated, not 
to mention more cost-effective.
The same practice of over-generalising about the effects of 
pollution is also at the root, and thus severely limits the 
applicability, of energy/environment models designed to aid 
policy by describing the environmental effects of different 
patterns of energy supply in terms of a set of environmental 
indices. To start with, the sophistication and pseudo-accuracy 
of such models is rendered largely redundant when it is 
realised how little is known about the effects of these indices, 
how it is the vast uncertainties that surround potential effects 
which would dominate any policy decision, how volatile many of 
the issues are - one large nuclear accident could radically 
alter the whole picture - and how subjective and political 
considerations still dominate the weighing of environmental 
effects. But apart from lending the environmental considerations 
a spurious air of objectivity, such models can be misleading 
in another way. By expressing environmental impact by simple 
indices they suggest, if they do not implicitly assume, that 
the environmental damage is proportional to those indices, ie 
there is an implicit "linear hypothesis" which is hardly acceptable 
for one pollutant, let alone all, totally disregarding the over­
riding importance of sit e-specificity in determining pollutant
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effects. This over-simplication is further compounded if the 
stated aim of such studies is to obtain a "normalised index" 
for the environmental impact of an energy industry, by averaging 
the effect over the total energy output of the industry.
Then not only is no allowance made for the variation of the 
effects of an index with circumstances at a given level of 
activity of the industry, but the sensitivity of the index to 
the level of output of the industry is also eliminated.
Because the effect of an environmental index could vary in a 
complicated (non-linear) way with the level of that index, the 
normalised effect could depend critically on both the size of the 
normalisation unit and the level of activity of the industry.
Both of these possible influences are obscured by the methodology 
of energy/environment studies.
This problem can be attributed to a fundamental contradiction 
within such models, namely that they try to reconcile a national 
policy such as fuel policy, which is often conducted on a highly 
centralised level, with environmental policy, which because of 
both the site-specific nature of pollution and the need-to obtain 
the evaluations of those directly affected (an assumption that 
underlies the economic theory relating to pollution) is best 
conducted on a more local and decentralised level. Hence to 
incorporate environmental effects into models portraying 
national energy policy involves a self-defeating degree of 
aggregation.
Similar criticisms can be levelled against much of the 
economic theory relating to pollution and the environment.
Indeed, input/output models with environmental sectors suffer 
fro-m precisely the same deficiencies as energy/environment models, 
in that they produce meaningless, and possibly misleading, 
aggregate indices. It is, in fact, the difficulty of actually 
evaluating environmental effects which severely circumscribes 
the relevance of the central tenets of the economic theory of 
pollution. A major part of the economic theory is devoted to 
finding the optimal level of control of pollution (whether 
on a macroeconomic level, as in input/output approaches, or on 
a microeconomic, single polluter, level). In so doing it 
presupposes a knowledge of the environmental damage function 
which, as seen, seldom exists. The theory seems even more 
irrelevant when it addresses itself to optimisation in the presence
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of obscure types of externalities in unlikely, hypothetical 
situations. Thus it may look at reciprocal, depletable 
consumer-producer externalities in a single firm situation.
Or it may deal with a case where the costs of pollution control 
cause non-convexity in the production function, when in real 
life the control costs are seldom so high that they could be 
responsible for this.
Where the economic theory turns to the problem of how to 
obtain some measure of environmental effects by providing 
prescriptions for the evaluation of unpriced environmental 
"goods" and "bads" it also encounters insurmountable practical 
difficulties and tends to dwell on theoretical abstractions.
Thus, as it fully acknowledges, eliciting the "willingness to 
pay" criteria which it urges should be used as a basis for 
evaluating non-pecuniary costs, is fraught with difficulties, 
and even if it were not there are other problems such as the 
choice of an appropriate discount rate when irreversible effects 
are considered. And though much reference is made in the theory 
to the distinction between the equivalent variation and the 
compensation variation, neither these, nor the income-corrected 
demand curves based upon them can, often be identified, let alone 
distinguished, in practice.
However, forgetting for the moment the problems of 
evaluation, and assuming that the optimal level of environmental 
control can be identified, perhaps the area where the economic 
theory has been most criticised for providing a solution which 
disregards the true nature of the problem with which it is dealing 
is in its prescriptions for achieving that optimum position.
By advocating a tax solution, as opposed to the use of 
standards, economists overlook the fact that whilst such an 
approach may in theory be the most efficient way of internalising 
externalities, improving the operation of the economic system by 
use of a price mechanism, in practice it loses many of its 
theoretical advantages, and there are few situations to which it 
can be applied. The costs incurred by the increased monitoring 
requirements of taxes or due to sudden pollution episodes with 
which taxes could not adequately deal would more than offset any 
efficiency gains from the incentive taxes would provide to 
continually improve control technology. Moreover, while taxes 
may work well in a few situations where the damage is known, most
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forms of pollution would be too complicated to base a tax upon 
their effects, and only by taxing emissions, or the pollutant 
content of a fuel or raw material can taxes be implemented. 
This provides pressure for uniform, emission standards rather 
than the more efficient varying approach which emphasises 
the final pollution level found in the environment. Most of 
the major environmental effects of the energy industries fall 
into this category and since energy industry pollution is 
often emitted away from other pollution sources one further 
loses any distributive efficiency effects taxes might have 
in situations where polluters are competing for the right to 
pollute. Moreover, in the context of the energy industries, 
which seldom practice marginal cost pricing, the premise of 
marginal damage cost pricing which underlies all economic 
pollution control strategies is itself open to criticism from 
a practical point of view.
Thus, in concentrating on how to achieve an optimal position 
when that position is rarely known, the economic theory relating 
to pollution control generally can fairly be accused of 
concentrating too much upon means, and not enough upon ends. 
However, this does not mean, as some authors contend, that 
economics and ecology are in any way incompatible. Far from 
it, just as economist’s may sometimes do well to be more aware 
of the practical limitations of their theory, so the scientist 
and particularly the energy/environment modeller, can learn 
much in the way of both techniques and concepts from the 
economist.
Firstly, although input/output models with environmental
sectors are restricted in their use by lack of knowledge of
the effects of pollution, and a dangerously misleading degree
of aggregation, it is only through such models, which take into
account not only the direct effects of an industry, but also
its secondary, tertiary, and so on, effects, thus providing a
sort of "environmental multiplier", that a true picture of the
environmental impact of an industry, or sector, can be obtained.
Inhaber’s energy/environment study has already shown that when
higher-order environmental effects are considered the results are
very different from those obtained merely by considering the 
first-order effects. Thus the theory and
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techniques of input-output analysis have something to offer 
the energy/environment modeller.
Secondly, though environmental cost-benefit analyses are 
difficult in practice, there is nothing wrong in principle 
with attempting to express non-pecuniary, intangible effects 
in monetary terms. Indeed, in attempting to do so and providing 
the guidelines for so doing, pure and applied economics offers 
the only alternative to consigning the process of evaluation 
totally to the realms of politics and subjective value 
judgement. Even if efforts to obtain monetary estimates of 
environmental damages seldom succeed, the very process of 
attempting them can help to clarify the issues and formulate 
values.
Thirdly, the economic theory leads to some interesting 
conclusions, which are not otherwise immediately obvious, on 
where exactly economic considerations end and moral ones begin, 
and how the law itself will influence the optimal solution and 
must therefore always involve economic, as well as ethical, 
considerations. Thus the theory shows that, in an ideal world 
the direction of payment for pollution control, does not 
affect the optimal solution and hence is an ethical decision, 
but that once willingness-to-pay criteria are introduced, the 
allocation of property rights (which comes under the legal 
domain) which determines the direction of payment, does 
influence the optimum.
Finally, though identification of the optimal level of 
pollution control may seldom be possible in practice, by 
stressing that this level, wherever it lies, is determined by 
the relative marginal costs and benefits of control, the economic 
theory has at its centre a vitally important principle. It is 
neglect af this principle which is responsible for so many of the 
mistaken estimates of pollution damage derived from simplistic 
models^and extrapolation of other people's studies, for the 
shortcomings of aggregate models whether of the energy/ 
environment or input-output kind, and for the pitfalls of the 
normalisation procedure. In the absence of knowledge of the 
damage functions, all these use average cost criteria and 
incorporate, in varying degrees, the assumption that damage 
is proportional to the size of the environmental index under
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consideration 5 using an implicit linear hypothesis. If this 
hypothesis was valid, there would he no problems for average 
and marginal costs would be the same. However, though little 
is known about environmental effects, what is knownis that few 
are linear with respect to pollution output. It is in the 
normalisation procedure that the implicit linear hypothesis 
finds its most extreme form, for here not only are variations 
with respect to geographic location and the level of the 
environmental impact neglected, but so are those with respect 
to the size of the normalisation unit. Thus the normalisation 
procedure suffers from the pitfalls of reductionism by 
focussing on a single figure when it could well be that variation 
of the effect with output, location and normalisation 
size that are more important than any average effect. This loss 
of perspective, would be taken a stage further if it were possible, 
in accordance with the professed ultimate aim of many energy/ 
environment studies, to express all the different normalised 
environmental indices in a common unit (ie money) and then 
to add them together. Then differences in the variations of 
the normalised unit with respect to each of the aforementioned 
factors for each different environmental effect would also be 
obscured. All these difficulties could be expressed in 
mathematical form by use of algebraic functions showing which 
variables determine damage costs (the site and environmental 
variables, the level of the pollutant and the type of pollutant) 
and how the derivatives of these functions depend on the level 
of the variable with respect to which one is differentiating 
and also the basis of the differentiation itself. Or it could 
be illustrated by the use of copious graphs. But I feel that it 
is sufficient merely to draw attention to them verbally and that 
a theory of the difficulties with the theory of energy environment 
models would be taking things to an absurd length, not to mention 
subject to the criticisms of irrelevance and hypothetical 
abstraction which I myself have already levelled at others.
In summary, these are the conclusions of this study. As far 
as energy policy is concerned, differences between the 
environmental effects of the coal- and oil-fired electricity 
generation cycles are not important. Both the economic and 
scientific approaches to the problems of pollution have short-
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comings, and it is examination of one approach which often 
reveals the limitations of the other. However, most scope 
for improvement, and putting things on a more objective basis, 
specifically in energy environment models, but generally in 
all areas where environmental considerations can affect policy 
lies in the scientific domain - in determining what the 
environmental effects are, and not in theorising (whether 
in an economic context or otherwise) over how best to use and 
display information which does not yet exist .
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